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ABSTRACT 
-- 
One of t h e  t h r e e  (3) groups  o f  .i sitLer:d 7 ickel plaques  ozoauced 
f o r  u s e  d u r i n g  Che irnpregnation/pc I . s u r i ~ s t  r, - exper  inertts i. ph, si. ii f x e 
s u b j e c t  c o n t r a c t  e x h i b i t e d  c o n s i d e r a o l y  lo i t~er strength t h a n  expesced 
An i n v e s t i g a t i o n  u s i n g  a  scann ing  5 l e c t r o n  n,ifsrop,raphnc ~ e c h n i q t ?  re?rea?ec? 
t h e  problem occur red  a s  t h e  r e s u l t  o f  a co:~dlElon d e s c r i a e d  a s  ovec 
bonding o f  t h e  s m a l l  n i c k e l  f i l a m e n t s .  
A f t e r  complet ion o f  s e v e r a l  of t n e  experlmenLo ,n t h e  r r n > r e g n e t i o r  
p o l a r i z a t i o n  p r o c e s s  s t u d y ,  i t  became e v i d e n t  this phase o f  t he  prograi-I w a s  
going t o  consume a  g r e a t  d e a l  more t ime  than  had been a l l o t t e d ,  To reduce  
t h e  number o f  exper iments  which would be r e q u i r e d ,  t h e  d a t a  r e s u l t i n g  frcv 
p r e v i o u s l y  performed d e s i g n  exper iments  was s u b j e c t e d  t o  a  m u l t i p l e  regres- 
s i o n  a n a l y s i s .  T h i s  p e r m i t t e d  t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t  on the 
p r o c e s s  o f  a  number of t h e  p r o c e s s  v a r i a b l e s  now cons idered  f o r  s t u d y *  
These v a r i a b l e s  were  subsequen t ly  d e l e t e d  i n  t h e  new d e s i g n  exper i rneats  
which e f f e c t e d  a  r e d u c t i o n  i n  t h e  number o f  exper iments .  
An exper iment  h a s  been d e v i s e d  f o r  t h e  purpose  o f  i n v e s t i g a t i n g  
t h e  p r o c e s s  v a r i a b l e s  a s s o c i a t e d  w i t h  e l e c t r o c h e m i c a l  c l e a n i n g  o r  fo rmat ion  
o p e r a t i o n  which f o l l o w s  t h e  complet ion o f  t h e  impregnation/polarizafEon 
p r o c e s s .  Parameters  s e l e c t e d  f o r  s t u d y  a r e  fo rmat ion  t ime ,  s p e c i f i c  gravity 
o f  t h e  KOH s o l u t i o n  and overcharge  amount. 
The n e c e s s a r y  equipment h a s  been procured and s e t u p  f o r  t h e  
measurement o f  t h e  e l e c t r i c a l  c a p a c i t y  o f  a  s i n g l e  p o s i t i v e  o r  n e g a t i v e  
p l a t e .  The t e s t  p rocedure  and a p p a r a t u s  a r e  d e s c r i b e d .  
P r e l i m i n a r y  Q u a l i t y  Assurance S p e c i f i c a t i o n  f o r  s i n t e r e d  n i c k e l  
p l a q u e s ,  s e p a r a t o r  m a t e r i a l s  and ceramic- to-metal  s e a l  cover  a s s e m b l i e s  
have been p repared .  A copy o f  each i s  i n c l u d e d  w i t h  a  b r i e f  d i s c u s s i o n ,  
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S p a c e c r a f t  C e l l s  
1, INTRODUCTION 
The work dur ing  t h e  f i r s t  q u a r t e r  of t h e  s u b j e c t  program w a s  
mya6r?s  i n i t i a t e d  by a b r i e f  review of e x i s t i n g  d a t a  and c u r r e n t  NASA pro,.. 
regard ing  r e c e n t  improvements i n  nickel-cadmium b a t t e r y  process  con t ro r ,  
This  review was followed by t h e  f i r s t  experimental  p o r t i o n  s f  the :ccoatracL- 
which involved a complete s tudy  of t h e  unimpregnated plaque making opera- 
t i o n .  Designed experiments and r eg res s ion  techniques were used t o  develoc 
equat ions  fo r  t h e  e f f e c t s  of t h e  d i f f e r e n t  v a r i a b l e s .  These equatroas 
were then  used t o  p r e d i c t  r e s u l t s  a t  v a r i o u s  s e t t i n g s  f o r  t h e  plaque making 
furnace.  Equations r e s u l t e d  and were t e s t e d  by p r e d i c t i n g  and dupkisa"iing 
va lues  f o r  t he  plaque c h a r a c t e r i s t i c s .  
The second q u a r t e r "  work encompassed a d d i t i o n a l  v a r i a b i l i t y  
ana lyses  of t h e  d a t a  from the  unimpregnated plaque experiments.  T b i s  w a s  
followed by a s h o r t  product ion run  o f  t h r e e  (3)  d i f f e r e n t  types of plaques 
(high s t rength-low p o r o s i t y ,  average s t rength-average  poros i ty  and low 
s t rength-h igh  po ros i ty ) .  These plaques a r e  being used f o r  the  impregnation 
s t u d i e s  of t h e  experimental  program. Also during the  second quarter, 
major e f f o r t  was d i r e c t e d  toward t h e  s e t t i n g  up of a s epa ra t e  f a c i l i t y  
f o r  t h e  impregnation, p o l a r i z a t i o n ,  formation, washing and o ther  items 
r e l a t e d  t o  t he  c e l l  assembly fo r  t h e  c o n t r a c t .  An experimental  program 
was designed t o  s tudy  impregnation, p o l a r i z a t i o n ,  formation and washing,  
During t h e  second r e p o r t i n g  per iod ,  work began on the  preparatioq 
of s p e c i f i c a t i o n s  fo r  s e p a r a t o r ,  ceramic-to-metal s e a l  cover assembly and 
unimpregnated plaque manufacturing control. 
I1 . UNIMPREGNATED PLAQUE INVESTIGATIONS 
A. Experimental Plaque Product ion 
The plaque experiments and a n a l y s i s  was approximace P y  '^- ~ 3 m p  i e r  e 
a t  t h e  conclusion of t h e  Second Quar t e r ly  Report ,  Sowev ?r, ; , iese 
experiments cannot be considered complete u n t i l  the i m p r L g z ~ a : s c k ~ ,  
p o l a r i z a t i o n  and formation work i s  completed due t o  che lef'i?-i:s 
i n t e r a c t i o n s  which a r e  involved,  To e v a l u a t e  t h e s e  i n t e r a c t i x s ,  
t h r ee  (3 )  s i g n i f i c a n t l y  d i f f e r e n t  l o t s  of unirnpregnated T, ~ ~ w - e s  
were produced f o r  u se  during t h e  impregnationJpoIarizati.;hn, e. ,t-l- 
ments. I n  summary, manufacturing parameters were s e l e c t e d  ts cro- 
duce a l o t  e x h i b i t i n g  h igh  porosity-low s t r e n g t h ,  a l o t  5-rr i - -, i r -2  
medium porosity-medium s t r e n g t h  and a ?-st e x h i b i t i n g  l o ~ ~ i  oorcsltg- 
h igh  s t r eng th .  Manufacturing s e t t i n g s  and t e s t  d a t a  of -tpresezrzi- 
t i v e  plaques from t h e  t h r e e  ( 3 )  l o t s  a r e  presented  below, 
PLAQUE MANUFACTURING DATA 
Manufacturing Parameters 
Lot 152 
Hot Zone Temperature 
B e l t  Speed 
Dew Poin t  
Atmos. Amount 
Spacing 
1st Cooling Temp. 
2nd Cooling Temp. 
Sequence 
Bulk Densi ty 
Plaque C h a r a c t e r i s t i c s  
S t r e n g t h  
Thickness 
Po ros i ty  
1 7 7 5 " ~  
6 inlmin 
3 4 " ~  
800 CFH 
0. Is" 
7 5°F 
POO"F 
6 
0.84 gmlcc 
1615°F 
12 in/min 
50°F 
800 CFN 
4.0" 
1 7 4 " ~  
90°F 
6 
0.84 p / c c  
L o t  1553 
--- 
525 Ibslcu-in250 l b s l c u - h  440 0Lbs/cu-.in 
.028 " ,031'' .029'" 
83.3% vo id  86.0% void 85 ,7y0 void 
The r e s u l t s  of  t hese  plaque manufacturing runs were ssmewI?at 
s u r p r i s i n g .  Lot  153 was supposed t o  have been s t r o n g  plaques 
w i th  low p o r o s i t y ,  bu t  i n s t e a d ,  it f e l l  between Lot 151 (medium 
strength-medium poros i ty )  and Lot  152 (low s t rength-h igh  porosity), 
It was assumed t h e  h ighe r  s i n t e r i n g  temperature used during the 
product ion run  fo r  Lot  153 would r e s u l t  i n  g r e a t e r  bonding of the 
f i n e  n i c k e l  f i l aments  and thus  produces s t ronge r  plaques,  
Scanning e l e c t r o n  micrographs were made on each l o t  t o  a s s i s t  
i n  t h e  i n v e s t i g a t i o n  of t h i s  problem. The r e s u l t i n g  pho~tographs 
were ve ry  r evea l ing  and permit ted t h e  formulat ion of  a theory of 
t h e  cause of t h i s  phenomenon. But before  p re sen t ing  t h i s  theory, 
i t  would be b e n e f i c i a l  t o  f i r s t  d i s cuss  t h e  s i n t e r i n g  furnace 
atmosphere i n  r e l a t i o n  t o  i t s  ope ra t ion  and con t ro l .  
S i n t e r i n g  furnaces u t i l i z e  a p r o t e c t i v e  reducing atmosphere 
t o  minimize t h e  ox ida t ion  of t he  f i n e  n i c k e l  powders which make 
up raw plaques. I n  ~ a g l e - p i c h e r "  ope ra t ion ,  t h e  furnace atmosphere 
i s  suppl ied  by an endothermic genera tor  us ing  n a t u r a l  gas (methane), 
A reducing atmosphere is  obtained by pass ing  a mixture o f  n a t u r a l  
gas and a i r  through a hea ted  r e t o r t  (c racking  chamber) where the 
two components r e a c t  t o  form new compounds. I f  t h e  r a t i o  s f  air 
t o  n a t u r a l  gas i s  smal l ,  t h e  fol lowing r e a c t i o n  predominates: 
2 CH4 + Q2 -> 2 CO + 4 H2 ( 1 3  
r e s u l t i n g  i n  a s t r o n g  reducing atmosphere. A s  t h e  a i r  t o  natural 
gas  r a t i o  i s  inc reased ,  t h e  fol lowing r e a c t i o n  becomes s i g n i f i c a n t :  
CH4 + 2 O2 -> GO2 + 2 H20 (2)  
The r e a c t a n t  products  of r e a c t i o n  ( 2 )  inrhibi t  t he  reducing charac- 
t e r i s t i c s  of t he  r e a c t a n t  products  of r e a c t i o n  (1) and, i n  e f f e c t ,  
- 3 - 
t h e  reducing p r o p e r t i e s  of t h e  furnace atmosphere i s  decreased,  
By c o n t r o l l i n g  r e a c t i o n  ( 2 1 ,  a furnace atmosphere cf a 3a r t5 - cu l c s  
s t r e n g t h  may be obtained.  
In  t h i s  ca se ,  t he  c o n t r o l  i s  a:<ercised by c o n d ~ c t h n ( ~ ,  3 ite27 
p o i n t  t e s t  (measurement of t h e  weter  ccntent) OR ::he generated 
atmosphere. Increas ing  t h e  a i r  ;to gas rrd L .o r e s u l t s  ii-1 a :ie - 
dew p o i n t  temperature ( g r e a t e r  amount 3f iJater a s  a r e s u h t  cPf ail 
i nc rease  i n  r e a c t i o n  (2)  ) and a uedksr ..educing qrvo r ~ e r z ,  
Decreasing t h e  a i r  t o  gas r a t i o  r e s u l t s  Ln a lower dew ooint 
temperature ( l e s s e r  amount of water as 3 r e s u l t  of 9 decrease 
i n  r e a c t i o n  (2)  ) and a s t ronge r  reducing stmosphere. 
The n i c k e l  powders, a s  they a r e  introduced i n t o  t h e  sintering 
furnace ,  a r e  covered wi th  a t h i n  oxide l a y e r  a s  a r e s u l t  of t h e i r  
exposure t o  t h e  o u t s i d e  atmosphere. It i s  theo r i zed  t h a t  t h i s  
oxide l a y e r  i n h i b i t s  t h e  d i f f u s i o n  of  t h e  n i c k e l  atoms which affect 
t h e  bonding of  t h e  n i c k e l  f i l aments .  Normal product ion experience 
i n d i c a t e s  t h a t  h igh  s i n t e r i n g  furnace temperatures  r e s u l t  i n  s t ronge r  
p laques ;  bu t  i n  t h e  case  of  Lot 153, t h e  h igh  furnace temperature 
was a s s o c i a t e d  wi th  a s t rong  reducing atmosphere (low dew po in t  
temperature)  which probably reduced t h e  oxide l a y e r .  The combi- 
n a t i o n  of h igh  temperature and a reduced oxide l a y e r  permit ted 
t h e  bonding process  t o  proceed a t  a more r a p i d  r a t e  and r e s u l t  i n  
what could be descr ibed  a s  an  over bonded condi t ion .  
The enclosed photomicrographs support  t h i s  theory.  Examining 
t h e  5000X magni f ica t ion  photomicrographs f o r  Lots  151 (Figure 3) 
and 153 (F igure  9 ) ,  it is obvious Lot  153 is not  a s  uniform as 
Lot 151 (medium s i n t e r i n g  temperature) .  Lot 153 does not  e x h i b i t  
long bonded f i l amen t s ,  and t h e  n i c k e l  p a r t i c l e s  appear t o  be fused 
- 4 -  
i n t o  s m a l l  masses  l e a d i n g  t o  t h e  d e s c r i p t i o n  as a n  over bonded 
c o n d i t i o n .  The l o s s  o f  t h e  more uniform d i s t r i b u t i o n  of  ion:$ 
bonded f i l a m e n t s  p robab ly  r e s u l t e d  i n  t h e  Lower s t r e n g t h  oi ,at '53, 
The photomicrographs  for tot 252 demons t ra tes  what w ~ u ~ d  be 
expec ted  f o r  p l a q u e s  p rocessed  u s i n g  a Pow s i n t e r i n g  t e m u e r a - ~ u r ; ? ,  
weak r e d u c i n g  a tmosphere  ( h i g h  dew p o i n t  t empera tu re )  and a East 
b e l t  speed ( l e s s e r  s i n t e r i n g  t tme) .  There  i s  l i t t l e  e v i ~ ~ e n c c  of
f u s i o n  (bonding) between t h e  n i c k e l  p a r t i c l e s ,  and the ~ ~ ~ a q u e s  
produced e x h i b i t e d  t h e  expec ted  low s t r e n g t h  and h i g h  porosi-y, 









B. 
The p r e l i m i n a r y  s p e c i f i c a t i i s l s  have been written frrr 1 : ~ ~ ~ ; n 3 ~ ~ g -  
n a t e d  p laques .  T h i s  s p e c i f i c a t i o n  i s  di-gided taco the F ~ : ; l ~ ~ ~ ~ ~ - z o  
c a t e g o r i e s :  
I - Raw M a t e r i a l s  T e s t  
11 - Plaque Manufacture  Se tup  
111 - T e s t i n g  During Plaque Manufacture  
I V  - F i n i s h e d  Plaque T e s t s  
V - Records  Keeping 
V I  - S t o r a g e  
V I I  - P r e v e n t a t i v e  Maintenance 
The complete  d e t a i l e d  s p e c i f i c a t i o n  is  i n c l u d e d  i n  t h e  Appendix 
of t h i s  r e p o r t .  ( E x h i b i t  1, Genera l  Appendix). 
IMPREGNATION AND POLARIZATION 
A. Previous Design Experiment Analysis  
The implementation of t h e  impregnation/polarization design experi- 
ments descr ibed  i n  Sec t ion  1 I I . B  of t h e  Second Quar t e r ly  Report began 
during t h e  l a t t e r  p o r t i o n  of t h e  p re sen t  r e p o r t i n g  pe r iod ,  The 
experimental  d a t a  r e s u l t i n g  from t h i s  phase of t h e  s u b j e c t  program 
s h a l l  be reserved  f o r  t h e  Fourth Quar t e r ly  Report  and w i l l  no t  be 
presented  here .  Af te r  completion of t h e  f i r s t  four  experiments ,  it 
became obvious t h i s  experimental  work was going t o  consume a g r e a t  
d e a l  more time than  was o r i g i n a l l y  a l l o t t e d .  To r e s o l v e  t h i s  
problem, i t  was e l e c t e d  t o  reduce t h e  o r i g i n a l  l i s t  of process  
v a r i a b l e s  (21  v a r i a b l e s )  s e l e c t e d  f o r  s tudy  t o  a  more p r a c t i c a l  
number. To t h i s  end, experimental  d a t a  r e s u l t i n g  from previous ly  
performed design experiments which s t u d i e d  a  number of t he  same 
process  v a r i a b l e s  was sub jec t ed  t o  a  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  
Through t h i s  e f f o r t ,  t h e  e f f e c t  of t h e  app l i cab le  v a r i a b l e s  upon 
t he  responses considered i n  t h i s  s tudy  were predetermined; t h i s  
permi t ted  a r educ t ion  i n  t h e  o r i g i n a l  l i s t  of process  v a r i a b l e s  by 
t h e  r e l e g a t i o n  of t h e s e  v a r i a b l e s  t o  cons t an t s  a t  l e v e l s  which would 
a f f e c t  t h e  d e s i r e d  responses.  
The f i r s t  design experiment involved a  s tudy of t h e  process  
v a r i a b l e s  a s s o c i a t e d  wi th  t h e  p o s i t i v e  plaque impregnation opera- 
t i o n .  The independent v a r i a b l e s  o r  c o n t r o l l e d  v a r i a b l e s  were 
temperature s f  t h e  n i c k e l  n i t r a t e  so?.mtioa, trirrperature of th,e 
sodium hydroxide s o l u t i o n ,  s p e c i f i c  g r a v i ~ y  31; cjie s o d i m  Y"i~ycqrt~~~ de 
s o l u t i o n ,  and p o l a r i z a t i o n  c u r r e a t .  The dependent variabLas o: .~sser as 
were pick-up weight after t h e  fou r th  c y c l s ,  e l e c t r i c a l  C Z ~ ~ Z C  :t- 
appearance of  t h e  p l a t e  o r  p l a t e  c h a r a c t e r i z a t i o n .  P l a t e  charac- 
t e r i z a t i o n  i s  q u a n t i t a t i v e l y  measured by r a t i n g  t h e  p l a t e s  on a 
s c a l e  between one (1)  and n ine  (9 ) ;  a r a t i n g  of one (1) des ignares  
t h e  b e s t  p l a t e  (smooth, c l ean  appearance) and n ine  (9) t h e  worse 
(rough,  cracked appearance).  
The second design experiment involved a  s tudy of t h e  process 
v a r i a b l e s  a s s o c i a t e d  wi th  t h e  nega t ive  plaque impregnation opera- 
t i o n .  The independent v a r i a b l e s  were temperature of t h e  cadmivm 
n i t r a t e  s o l u t i o n ,  temperature of t h e  sodium hydroxide s o l u t i o n ,  
s p e c i f i c  g r a v i t y  of t h e  sodium hydroxide s o l u t i o n s ,  and p o l a r i z a t i o n  
cu r r en t .  The dependent v a r i a b l e s  w e r e  pick-up weight a f t e r  the 
fou r th  cyc l e ,  e l e c t r i c a l  capac i ty  and p l a t e  c h a r a c t e r i z a t i o n ,  Zc 
a d d i t i o n  t o  t h e  s c a l e  used t o  q u a n t i t a t i v e l y  eva lua t e  p l a t e  charac- 
t e r i z a t i o n ,  a  s c a l e  was used t o  measure q u a n t i t a t i v e l y  the  electrical 
capac i ty  of  t h e  negat ive  p l a t e s ;  one (1) r e p r e s e n t s  t h e  b e s t  capacity, 
n ine  (9)  t h e  worse. 
The da t a  was eva lua ted  s t a t i s t i c a l l y  us ing  a  modified R s s e r t b a l ,  
s tepwise  m u l t i p l e  r e g r e s s i o n  technique.  The program i s  IBM 1130 - 
13.0.001. The modi f ica t ion  involved coding t h e  raw da ta  i n  a fashion 
s i m i l a r  t o  t h a t  descr ibed  i n  Sec t ion  1I.B of t h e  Second Quar ter ty  
Report.  (1)  
The r e g r e s s i o n  program assumes t h a t  each dependent v a r i a b l e  i s  
a  l i n e a r  func t ion  of each of  t h e  independent v a r i a b l e s .  Through s 
m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  technique,  it c m b i n e s  t h e  e f f e c t s  
of a l l  t h e  r e l a t i o n s h i p s  among t h e  dependent and independent vari- 
a b l e s  and y i e l d s  a  s i n g l e  numericalmeasure of t h e  o v e r a l l  reriation- 
s h i p  o r  a  r e g r e s s i o n  equat ion.  
In  t h i s  example r eg re s s ion  equat ion ,  Y i s  a dependent variable; 
XI, X2, . . ., Xn a r e  independent v a r i a b l e s ;  C i s  a cons tan t  term; 
and Bl ,  B2 ,  . . ., Bn a r e  t h e  r e s p e c t i v e  equat ion  c o e f f i c i e n t s .  
Through t h e  i n t e r p r e t a t i o n  of t hese  c o e f f i c i e n t s ,  t h e  e f f e c t  o f  
each independent v a r i a b l e  upon a p a r t i c u l a r  dependent v a r i a b l e  may be 
asce r t a ined  fo r  t h e  experimental  runs .  
The fol lowing a r e  t h e  computer p r i n t - o u t s  f o r  t h e  va r ious  
r eg re s s ions .  
'TABLE 11 
BOS I T I V E  PWQUE IMPREGNATION STUDY 
P I C K - U P  WEIGHT E G R E S S  I O N  
Variables 1 2 1 
P 
-I 
N i t r a t e  NaOH NaOH 
Temp. OF Sp.Gr. 97 I emp, "F 
4 ----- Respcnses 
Curren t  P ic&-  l?p 
~ m ~ s / 5 0 @  in2 'dc  <!IE C,y-iuS 
o f  P laque  
Sur face 
ST"  '~U''R'R 4 - t J T F  .7 \ J A  2 1  ~ . , l i L  E 3 
r T 3 i 4 l!DAFQ f ? ? O D  3F F S T I  . % T I =  1 . 2 5 7 1 5  
\!4?( 3 S S O =  7 , 2 3 4 3 9  KE51391,L 5529 j Y  \ r  ./ s ,  i= 
' j l ! L T I p L E  C O R R E L A T I O L  C O E F F I C I E h T  = 0 1 3 7 9 8 9  
1 7 3 0 S \ E S S  3 F  F T T , F (  49 4 ) =  3 r 4 2 9 9  
C 3 U S T A Y T  T E R ' I =  6 L . 5 9 8 4 4 0  
E S T  I b A A T E  
6 4 . 7 5 7 5 9  
TABLE I11 
POS I T I V E  PLAQUE IMPlUlGNATION STUDY 
V a r i a b l e s  1 
N i t r a t e  
T e m p .  OF 
CAPACITY REGRESS ION 
2 3 
NaOH NaOH 
S p  . G r .  T e m p .  OF 
R A W  DATA L I S T I , ' J S  
ORS NO VAf? IABLES I N  : \ IUYEIIICwL OrDtri.; 
4 
C u r r e n t  C a p a c i t y  
Am-gs/500 A m p / H r s  . 
i n  of  
Plaque 
S u r f a c e  
C O D I Y G  VAX. 9 V A R I A B L E S  I Y 'dUVEr<ICAL O!?DEK 
CODING MI \ I .  c V A Q I A B L E S  I iV lJU[IEQ I C A L  O,<DEI< 
1 6 0 0 0 0 0  1 .100  8 0 . 0 0 3  1 3 3 r S O O  
S T E P  YUYRER 4 E i \ T E R  V A R I A B L E  4  
ST4QDARD FRROR OF E S T I \ I A T E =  0 . 1 0 3 1 2  
VAR(  4 )  SSQ= 3r130059 K E S I J U A L  SSQr  BY A D O I \ J  O F V A K ~  S S Q =  
\AULTIDLE COQQFLATIOY C O E F F I C I E ' < T  = 3 . 7 2 8 4 2  
G O O D Y F S S O F F I T ~ F (  4 9  4 ) =  1 . 1 3 3 3  
C O V S T A t ! T  T E ' ? V =  2 . 3 5 1 5 9 7  
id A 9  CCFFF S T 1  D E V  T $ALLIC BclTA C O E F F  
COEF F 
1 7 . 9 3 2 7 q 1  J.3Lt21 2 "  7 7 5 3  3 . 2 6 6 0  
2 3r06735C 0 1 0 5 6 0  1 e 1 . 3 6 1  3 1 5 4 6 3  
2 1eC13?317 2 r 0 4 2 1  3~7132 r3  3 r 2 5 d 6  
'3 I a O i 7 2 5 1  d , ~ 7 5 7  d o 2 L 2 5  3 .1335  
I-" 
TABLE j27 
--
POSITIVE PLAQUE IME"RXGL\IATION STUDY 
V a r i a b l e s  1 
N i t r a t e  
T e m p .  OF 
PLATE CHARACTERIZATION ,WGm S S  EON 
2 3 4 
NaOH NaOH C u r r e n t  C l e a n l i n e s s  
S p  . G r .  T e m p .  O F  A m p 4 5 0 0  i n2  
of Plaque 
S u r f a c e  
R,4bJ D A T A  L I S T I N G  
395 NO VARIABLES 1'4 YUYERICAL CI I3ER 
1 1 6 3 0 0 3 0  1.759 i 4 d .  JLJJ 1 6 5 . 3 3 3  7eUCc) 
2 185 .030  1.253 2 d d e  j d u  1 5 3 e O J d  3 ~ 2 3 3  
3 313 .000  1.753 8 d e ~ J ~ i  193mGU3 1 . ~ 3 3  
4 160 .030  1.180 2 u d ~ C d d  193.3113 5 r 3*13 
5  185 .303  1,182 d 3 . 3 ~ ~  173.bJLI 2.3133 
6 2 1 3 0 0 0 3  1 6 1 8 3  1 4 ~  d 3 0  153 .  d u d  6 e c ) G O  
7 163 .303  1.100 8 2 e 3 3 U  l l l d e l l d 0  9 .333  
8 1 8 5 0 0 d O  1.133 1 4 d .  J J ~  1 5 3 . 3 ~ 3  8 8 3 3 9  
9 2 1 0 0  0 0 9  1.1113 292 e JGd 125 .030  4eOCO 
C O D I N G  * A X .  9 VATIASLES I N kU'gptR I C A L  Cf<!lEY 
C O D I N G  Y I Y e  9 VAII IAQLES I L dUh"'IIR I C A L  0:?3t'i 
163.073 i Q 1 9 9  PO.3;0 l i 3 r  ~ 3 0  
S T E P  YUYBFR 4 k N T E Y  VAr?IAULE 3 
STAYDARD E R T O R  OF ESTI'. 'ATF= 2 .35640  
VAR( 3 )  S S 3 =  0.13344, R E S i 3 U A L  S S Q 9  dY Ai ) J l \ i  O F V A Q *  SSLJZ 
Y U L T I P L E  CORRELATION C O E F F I C I E Y T  = 3 .73361  
GOODNESS OF F I T , F (  49 4 ) =  1 .7014  
CONSTAUT T E R M =  5 . 3 2 9 0 5 1  
?l A ?  C3EFF S T 9  3 E V  T VALUE. ~ L T A  COEFF 
C O E F F  
1 -1 .613382  0 . 9 6 4 1  -1 .6724 
2 -0051)93 - 0 1 9 6 4 8 6 9  1.2P08 - w e 7 5 3 2  
3 
-0.3C53 
0 .027142  0 .9625  9 .3281  0.3335 
4 - 1 0 4 6 5 6 8 9  1 m7195 -3.9523 -0 .3453 
EST IYATE 
5.22514 
4 .228L7  
1 a 2 5 3 9 7  
5.43556 
4 . 4 2 3 3 1  
3 0 4 8 9 4 9  
q3RYAL D E V I A T E  
c). 7 1 \ ) 7 6  
TABLE V 
V a r i a b l e s  1 
N i t r a t e  
T e m p .  OF 
NEGATIVE PLAQUE I M P m G N A T I O N  STUDY 
P I C K - U P  WEIGHT REGRESS I O N  
2 3 
NaOH NaOH 
Sp .Gr. T e m p .  OF 
4 
C u r r e n t  Pick-Up 
~ m ~ s / 5 0 0  in2  Weight Grams 
of Plaque 
S u r f a c e  
RAW D A T A  L I S T I N G  
O B S  NO V A R I A B L E S  I N  N U M E R I C A L  ORDER 
C O D I N G  MAX,, V A R I A B L E S  I N  N U M E R I C A L  ORDER 
C O D I N G  M I N I ,  V A R I A B L E S  I N  N U M E R I C A L  ORDER 
150r000 1.150 82,000 175r000 
S T E P  NUMBER 4 E N T E R  V A R I A B L E  3 
S T A N D A R D  ERROR O F  E S T I M A T E =  9.08740 
V A R (  3 )  SSQ= 4095219 R E S I D U A L  SSQ, BY ADDN OFVAR. SSQ" 
M U L T I P L E  C O R R E L A T I O N  C O E F F Z C I E N T  = 0.42387 
GOODNESS O F  F I T , F (  49 4)= 0.2190 
C O N S T A N T  TERMS 85 ,606964 
V A R  C O E F F  S T D  DEV T V A L U E  B E T A  C O E F F  
1 
C O E F F  
-2,758447 4.1243 -0.6688 
2 
-0e3089 
-1r612268 
3 
3,7406 -0.4310 -0.1968 
-01899424 3 ,6729 -0.2448 
4 
=0.1110 
2r293251 3 r 8478 0,5959 0,2733 
ACTUAL 
82060000 
92040000 
81060000 
94~20001 
93r00001 
90r20001 
77 r 80000 
85~80000 
74r60000 
EST I M A T E  
88053828 
89,71395 
86,31254 
87,83616 
82r41426 
87r 18734 
85~85438 
83~81321 
80r52900 
R E S I D U A L  NORMAL D E V I A T E  
-5.93827 -0.65346 
2.68605 0129557 
-4r71254 -0151857 
6. 36384 0.70029 
10.58575 1.16488 
3001266 0.33152 
-8005438 -0.88632 
1198678 Or21863 
-5m92900 -0.45244 2 1  - 
SSQ R E S I B  
m emp . "9 Sp.Gr. T~ r emp , OF 
2AW DATA LISTING 
885  IYO V A R I A B L E S  I N  N U M E R I C A L  ORDER 
C O D I N G  M A X # +  V A R I A B L E S  I N  NUMERICAL  ORDER 
CODING M I h a *  V A R I A B L E S  I N  N U M E R I C A L  ORDER 
1 5 C 3 a Z O O  9.150 82aQ00 175eQQB 
4 
Curren t  
dmps/500 in2 A 
of Plague 
Surface 
STEP N U M B E R  4 
STANDARD ERROR 0 
V A R i  SSQ= 
MULTIPLE CBRRELA 
GOODNESS OF F I T 9  
C O N S T A N T  T E R M =  
ENTER V A R I A B L E  4 
F E S T I M A T E = :  l a 9 4 5 0 4  
3 r I % b l *  RESIDUAL 
THON C O E F F I C I E N T  = 0 0 7 1 5 4 3  
F (  4 9  4D= 1 1 8 4 8 5  
4 8 7 5 5 3 4 9  
SSQ r 
V A R  SOEFF STD D E V  T VALUE BETA COEFF 
COEFF 
1 lr087986 Or8827 1,1488 0 ~ 4 0 4 8  
2 Oa554704 0 ~ 8 0 0 6  0 1 6 9 2 8  0e2440  
3 $ 8 3 0 6 6 5 4  007861 1.6621 0 ~ 5 8 1 4  
4 -0. 150406 0.8235 -0.1826 -0  t 0646 
EST I MATE R E S I D U A L  N O R M A L  D E V I A T E  
TABLE V I I  
NEGATIVE PLAQUE IMPREGNATION STUDY 
PLATE CKARACTERIZATION R E G m S S I O N  
Variables 9 2 3 4 ReaL ~ns i - '=  
-- - -"-*- 
N i t r a t e  NaOH WaOH C u r r e n t  C l e c ? L ~ r  -T, s:- 
T e m p ,  OF Sp . G r  . Temp, "F Amps / 500  in2 
sf Plaque 
Surface  
SAW D A T A  LI5T:NG 
385 $40 V A R I A B L E S  !N NUMERICAL ORDER 
" " Z "  \UMFTQ 4 
.* - 
,- ,- a ,~LJ> .,' - q p 0 8  OF ~ 5 . "  
E N T E 4  VARIABLE 4 
; Y A T E =  lpa42036 
, 2 :  c i isQ.: 5892179 SESl3UAL S:i*iJr~ 9 ,  hi3C 
I j l  -'" :> \- "a = 
,c, r 2 l V  I I 2 R R E L A T I G : "  ' C Z F F I ~ S E I ~ T  - o a 9 0 8 2 ?  
,i, ' I -  - 7  ? c  F I T $ % {  ; a ) =  l+s713!2 
2 ~ - ~ ? ~ , a ~  a 6 8 2 4 7 5  
- - -  
i i '  <;.dk- - T 2 DEa/ JALL!E 3ET/&, ~Q~~~~ 
C;E;F 
*",525386 5.7354 =-2.l87> -0 B-S-666 
- f i , * 3 1 0 5 6 8  306669 - l 0 5 ? ~ 5 .  aQ.93%35 
", i '9456 3 2  5 s65.L-9 , " 09c "C?  
, -b - 
0 e 6 2 2 3  
. a u  - a 6 5 5  3r63j1 - l s 4 8 3 G  -0r21,5&, 
Table ;I preser ts  " L ~ E ?  pr7181~L -": xnspreyra"ci_3~i rsgrel, ~ - j r l  
-gith p ick-up weighc as .he ses:, - 7 s e m  The coefficients sf 
a r e  Eorlnd under Che :o ls~mn beaaLl~ti- "'~oEE'T" 13 yl-ae Lo~8 I 
portion a E t h e  gage, The ioL?cw7-ng ~ n t e r p r s t a r _ r o n  l*lrc~ L)e 
an evaluation o f  rhz efEects f l ?  "he indep.;;d.er-~; n T L c l :  Les r, 
Coef f i c i en t  Nc, One LS a ,,is i L l v e  -~v:yLue; ;In 
term or independent v a r i a b l e  Qnr t ra te  temperature 
i n  t h e  'pH term o r  response (pick-up weight), 
C o e f f i c i e n t  No, Two i s  a l s o  a p o s i t i v e  va lve ;  an ancreas- r ts 
independent v a r i a b l e  (NaON s p e c i f i c  gravity) results i n  an 
t h e  response. 
c o e f f i c i e n t  No. Three i s  a negat ive  v a l u e ;  a decrease - t ~ t ,  _cce- 
pendent v a r i a b l e  (NaON temperature) r e s u l t s  I n  an inc rease  1 L :I 5 - e s ~ e n . t e ,  
C o e f f i c i e n t  No. Four i s  a  nega t ive  v a l u e ;  a decrease i 3 n  i t s  krrdepen- 
dent  v a r i a b l e  ( p o l a r i z a t i o n  cu r r en t )  r e s u l t s  i n  an inc rease  ia t'e respol-se ,  
As  mentioned e a r l i e r ,  t h e  raw da ta  i s  coded p r i o r  t o  i t s  c m p i P a e l o ~  
i n  t h e  r e g r e s s i o n  model. This  ope ra t ion  s t anda rd izes  t h e  numerical values 
of each v a r i a b l e  which a r e  u sua l ly  of d i f f e r e n t  magnitudes, i , e , ,  nitrate 
temperature 160.000; NaOH s p e c i f i c  g r a v i t y  1,250. The use  s f  coded raw 
d a t a  al lows t h e  d i r e c t  comparison of  t h e  abso lu t e  va lue  of c o e f f i c i e n e s  
w i t h i n  a r e g r e s s i o n  t o  determine t h e i r  r e l a t i v e  e f f e c t s .  For example, 
v a r i a b l e  No. Four ( l a r g e s t  c o e f f i c i e n t  va lue)  ( p o l a r i z a t i o n  current) 
e x h i b i t s  t h e  g r e a t e s t  e f f e c t  on pick-up weight w i t h i n  t h e  experimental 
l i m i t s  and v a r i a b l e  No. Three ( sma l l e s t  c o e f f i c i e n t  va lue)  (NaOH tempe- 
r a t u r e )  e x h i b i t s  t h e  sma l l e s t  e f f e c t .  
Summarizing t h e  information der ived  from t h i s  r e g r e s s i o n ,  ts 
maximize pick-up weight during t h e  p o s i t i v e  plaque impregnation 
process ,  t h e  fol lowing process  cond i t i ons  would be p r e f e r r e d : ,  
( a )  Low P o l a r i z a t i o n  Current  
(b)  High NaOH S p e c i f i c  Gravi ty  
( c )  High N i t r a t e  Temperature 
(d)  Low NaOH Temperature 
T a b l e I I I p r e s e n t s  t h e  p o s i t i v e  impregnation r e g r e s s i o n  p r i~ i t - ou :  
w i th  p l a t e  e l e c t r i c a l  capac i ty  a s  t h e  response.  The r e g r e s s l o 2  
equat ion  c o e f f i c i e n t s  i n  t h i s  case  a r e  a l l  p o s i t i v e  val~aes,  
Applying t h e  i n t e r p r e t a t i o n  descr ibed above and l i s t i n g  t h e  .iori- 
a b l e s  i n  order  of  g r e a t e s t  e f f e c t ,  t h e  following process  c s n a i t i o r ~ s  
would be p r e f e r r e d  f o r  maximizing p l a t e  capac i ty  during t h e  p;srL-ve 
impregnation process :  
(a )  High NaOH S p e c i f i c  Gravi ty  
(b)  High NaOH Temperature 
(c )  High N i t r a t e  Temperature 
(d)  High P o l a r i z a t i o n  Current  
Table V I  p r e sen t s  t h e  p o s i t i v e  impregnation r eg re s s ion  3?r: ?-,--r,.cr: 
w i th  p l a t e  c h a r a c t e r i z a t i o n  a s  t h e  response.  Blloefficierir A;, 3 :e 
i s  a nega t ive  v a l u e ;  an inc rease  i n  i t s  independent var i6 tBa  r - t r a t s  
temperature)  r e s u l t s  i n  a  decrease i n  t h e  response va lue  Q I + J ~ ? ~ L L -  ;pcu12 
r e p r e s e n t  a  b e t t e r  p l a t e  appearance) ,  Continuing this 
fo r  t he  remaining t h r e e  ( 3 )  v b r i a b l e s ,  t o  produce lup, .s-5 .-c 
p l aces  w i th  t h e  best physica3. appearance, the f o : : C Y ~ J ! .  
d i t i c n s  would be p r e f e r r e d :  
(a )  High N i t r a t e  Temperature 
( 5 )  High Solarization Current  
( c )  R i g 5  NaOH : ~ ~ c * c L ~ . L c  G T ~ I T L ~ Y  
( d )  Low NaOR Temperature 
2 5 
To summarize t h e  o v e r a l l  r eg re s s ion  information,  r e q u i r e s  
c e r t a i n  t r ade -o f f s  assuming t h e  d e s i r e d  r e s u l t s  of  t h e  p o s i t i v e  
plaque impregnation process  i s  t h e  product ion of p o s i t i v e  p l a t e s  
wi th  high pick-up weights ,  good e l e c t r i c a l  c a p a c i t i e s  and smooth, 
c lean  appearances.  Var i ab le s  Numbers One and Two p resen t  no 
problems a s  they both demonstrate t h e  same process  condi t ion  
preference  f o r  a l l  t h r e e  (3)  responses.  Var i ab le  No. Three indi- 
c a t e s  a  low process  condi t ion  preference  f o r  responses Numbers 
One and Three, bu t  a  high preference  f o r  responses Number Two, 
Variab le  Number Four demonstrates a  low preference  f o r  response 
No. One, bu t  a  high preference  f o r  t h e  remaining two responses,  
The r a t i o n a l  app l i ed  h e r e  would d i c t a t e  t h e  s e l e c t i o n  of t h e  
h ighe r  va lues  f o r  t h e  two (2)  v a r i a b l e s  i n  ques t ion .  Although 
low NaOH temperature and low p o l a r i z a t i o n  cu r r en t  r e s u l t  i n  
g r e a t e r  pick-up weight ,  t h e s e  same two condi t ions  do no t  r e s u l t  
i n  increased  p l a t e  e l e c t r i c a l  capac i ty .  The i n d i c a t i o n  being 
t h a t  t h e  a d d i t i o n a l  weight r e s u l t i n g  from t h e  lower process  con- 
d i t i o n s  i s  i n  t h e  form of a  caked-on s u r f a c e  l a y e r  which does not 
func t ion  i n  t h e  e l e c t r i c a l  ope ra t ion  of t h e  p l a t e .  Var i ab le  KO, 
Three a l s o  i n d i c a t e s  a  lower preference  f o r  t h e  p l a t e  c h a r a c t e r i -  
z a t i o n  response,  bu t  s i n c e  i t  e x h i b i t s  a  more s i g n i f i c a n t  e f f e c t  
i n  r e s p e c t  t o  capac i ty ,  t h e  h igh  process  cond i t i on  would s t i l l  
be p re fe r r ed .  
Assuming t h e  maximization of plaque pick-up weight i s  des i r ed  
i n  conjunct ion  wi th  good e l e c t r i c a l  capac i ty  and phys i ca l  c h a r a c t e r i s -  
t i c s ,  t h e  fol lowing a r e  t h e  optimized process  v a r i a b l e  l e v e l s :  
( a )  High N i t r a t e  Temperature (Experimental Limit  2 80"~) 
(b) High NaOH S p e c i f i c  Gravi ty (Experimental Limit 1,256" 
( c )  High NaOH Temperature (Experimental Limit 200'~) 
( d )  High P o l a r i z a t i o n  Curreni- (Experimental Eimi: C , 3 E  a;; , i r2:  
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rhe  negat ive  plaque impregnation process  experiments does n o t  
appear t o  be of t h e  same q u a l i t y  a s  t h e  information der ived  from 
t h e  p o s i t i v e  a n a l y s i s .  Table V p r e s e n t s  t h e  nega t ive  impregilation 
r e g r e s s i o n  p r in t -ou t  wi th  pick-up weight a s  t h e  response,  I n  
t h i s  r e g r e s s i o n ,  t h e  "mul t ip l e  c o r r e l a t i o n  c o e f f i c i e n t  '"is 37erj7 
smal l  i n d i c a t i n g  poor c o r r e l a t i o n  between the  v a r i a b l e s  and !:he 
response.  A s  t h i s  is  a measure of t h e  o v e r a l l  e r r o r s  associa1:ed 
wi th  t h e  raw d a t a ,  l i t t l e  s i g n i f i c a n c e  can be a t t a c h e d  t o  t h e  
r e s u l t s  of  t h i s  r eg re s s ion .  
The poor d a t a  could be a t t r i b u t e d  t o  a phenomenon c h a r a c r e s i s t r c  
of  nega t ive  p l a t e s .  The a c t u a l  pick-up zf a c t i v e  m a t e r i a l  f r m  t h z  
n i t r a t e  s o l u t i o n  i s  probably s i m i l a r  Ear the  v a r i o u s  negatrve asaqaes 
a s  it was f o r  t h e  p o s i t i v e  plaques,  bu t  i n  t h e  conversion,  d - s i n g  
p o l a r i z a t i o n ,  of t h e  n i t r a t e s  t o  t h e  hydroxide;  a second c o n ~ , r e ~ s i 3 n  
can cake p l ace  from t h e  hydroxides t o  cad-rium meta'l- T ln- i she  i 1:izer3rsille 
plates then  con ta in  both cadmium 'QT,:~D-T-~ .f 2nd cadn~ium veta, - 7  V LOUS US 
r a t l o s  resulting i n  d i f f e r e n t  plate ~ e ? ; b r i ,  
T a b l e  V I  presen t s  t h e  n e g a t i ~ i n  i m ~ i  1-13 ri-on i-(dbr 
wi th  plate ' e l e c t r i c a l  capac i ty  a  
PP. a,,.c, -, ":ae, s,nd Three 5 . ~ 1 ~  p o s i t i v  
59 des- j r2d  ( indics.c,ps 'ber ter  
variables : , % ~ o . ~ P d  z5Len b e  ?referreg 
-saPus with 3 l a g e r  var iab le  v a 2 u c  
The follo~j+ .- n.2 A-,"'ct--ss c y g c i  
0 
(a) Low NaOH Temperature 
(b)  Low N i t r a t e  Temperature 
( c )  Low NaOH S p e c i f i c  Gravi ty 
(d )  High P o l a r i z a t i o n  Current  
Table V I I p r e s e n t s  t h e  nega t ive  impregnation r e g r e s s i o n  prict-out 
w i t h  p l a t e  c h a r a c t e r i z a t i o n  a s  t h e  response.  Var i ab le s  Numbers One, 
Two, and Four have negat ive  va lues  which demonstrates a preference  
f o r  l a r g e  v a r i a b l e  va lues  ( sma l l e r  response v a l u e s  i n d i c a t e s  b e t t e r  
p l a t e  appearance) .  Var i ab le  No. Three has  a p o s i t i v e  va lue  and a 
smal l  v a r i a b l e  va lue  would be p re fe r r ed .  
The fol lowing process  cond i t i ons  would be p r e f e r r e d  i n  the 
product ion of nega t ive  p l a t e s  e x h i b i t i n g  a c l ean  smooth appearance 
dur ing  t h e  negat ive  plaque impregnation process  : 
( a )  Low NaOH Temperature 
(b)  High N i t r a t e  Temperature 
( c )  High P o l a r i z a t i o n  Current  
(d) High NaOH S p e c i f i c  Gravi ty  
Again, i t  w i l l  be necessary t o  u t i l i z e  t rade-of f  procedures t o  
e s t a b l i s h  t h e  optimum process  condi t ions  t o  be used i n  t h e  nega t ive  
plaque impregnation process  assuming t h e  d e s i r e d  c h a r a c t e r i s t i c s  
of t h e  f i n i s h e d  negat ive  p l a t e s  a r e  high e l e c t r i c a l  capac i ty  and 
a c l ean  smooth appearance. I n  t h i s  aa se ,  v a r i a b l e  No. Three and 
Four p re sen t  no problems a s  they  a r e  i n  agreement wi th  r e s p e c t  t o  
t h e  two responses.  Var i ab le  Numbers One and Two a r e  i n  d isagree-  
ment w i th  low n i t r a t e  temperature and low NaOH s p e c i f i c  g rav i ty  
r e s u l t i n g  i n  b e t t e r  capac i ty  and high n i t r a t e  temperature and high 
NaOH s p e c i f i c  g r a v i t y  r e s u l t i n g  i n  b e t t e r  p l a t e  appearance. Experi- 
ence d i c t a t e s  t h e  s e l e c t i o n  of  t h e  latter process  cond i t i ons ;  a 
smooth, c l ean  appearing negat ive  plate is nanwl ly  a. s f r r ~ n g  p%aze 2nd 
,- ,. 
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more compatible wi th  t h e  manufac~ur ing  procedures used i n  the 
f a b r i c a t i o n  of nickel-cadmium c e l l s ,  Also, t h e  s u b j e c t i v e  procedure 
of  r a t i n g  the p l a t e  c a p a c i t i e s  between t h e  va lues  of One through \lren,e 
r a t h e r  than the  use of t h e  a c t u a l  ampere-hour i -apaci ty ,  r~" ; l~?ces  -7e 
confidence one might a t t a c h  t o  the negat ive  p l a t e  eapacis-y regress:sr, 
I n  o the r  words, t he re  may have been very  I L t t l e  d i f f e r e n c e  i n  cne 
a c t u a l  p l a t e  c a p a c i t i e s ,  but  they vould e t h i b i t  a  range of  N ~ n e  :9) 
through One (I)  us ing  the above procedure,  
Assuming t h e  maximization of P'L:.,~ L ~ c k - u ~  we l g h r  ; s  des;Li-,.b L -  
conjunc t ion  wi th  good e l e c t r i c a l  capacley and phys i ca l  :haractet:-t<-s3 
the  fol lowing a r e  t h e  optimized process  v d r i a b l e  Bevels: 
( a )  High N i t r a t e  Temperature (Experimental Limit 2 0 0 ' ~ )  
(b) High NaOH S p e c i f i c  Gravi ty  (Experimental Limit 1.350) 
(c )  Low NaOH Temperature (Experimental Limit 8 2 ' ~ )  
(d) High P o l a r i z a t i o n  Current  (Experimental Limit 0.70 amp/in2) 
B. Design Experiment Implementation 
The fol lowing i s  a  d e f i n i t i o n  of t h e  p lan  of work being foLLowed 
during t h e  implementation of t h e  impregnation/polarization design 
experiments descr ibed  i n  t h e  Second Q u a r t e r l y  ~ e ~ o r t " ' ( s e e  Sec t ion  
III.B). 
A b r i e f  d e s c r i p t i o n  of  t h e  p i 2 o ~  l i n e  product ion f a c e l i t i e s  t o  
be u t i l i z e d  i n  t h e  f u l f i l l m e n t  of t h i s  phase of  t h e  s u b j e c t  program 
was included i n  t h e  Second Quar t e r ig  ~ e ~ o r t " '  ( s e e  F igure  2 ) .  
The sma l l e r  of t h e  two (2) t anks  observed i n  t h e  photograph i s  the  
i rnpregnat ion/polar izat ion tank.  It can accommodate t e n  (10) p laques ,  
bu t  dur ing  t h i s  program, a  s tandard  q u a n t i t y  of  9 t e s t  plaques wh ich  will 
be made up of t h r e e  (3) plaques from each of t h e  3 groups descr ibed  i n  
Sec. I1 w i l l  be used. The obvious advantage t o  t h i s  procedure i s  all 3 
groups of plaques under investigation will be subjected to identical 
experimental conditions for each run. 
To summarize, the overall implementation plan it may be ealsier 
to assume a hypothetical run and follow it step wise from start to 
completion. A sec~ndary value to this procedure is, of course, the 
formulation of a basic outline for the Quality Assurance specifica- 
tions. The following description will apply equally for ail runs  
in both postive and negative impregnation experiments. 
1. ~mpregnation/~olarization tank 
a. Insure cleanliness 
b. All electrical connections to plaques are to be 
nickel strips to prevent contamination. 
2. Plaques 
a. Record weights 
b. Resistance weld nickel strips for electrical contact 
c. Utilize careful handling procedures 
d. Dimensional measurements (width and thickness of one 
corner plate), record. 
3. Nitrate solutions 
a. Insure cleanliness of tanks 
b. Adjust specific gravity 
c. Adjust free acid content with nitric acid'2), record. 
d. Adjust temperature, record, 
e. Remove sample for spectrographic analysis. 
6 ,  
_-Isure 3,eanl~ness .;i L ~ ~ K S  
b. ~ d j u s  t s p e c i f i c  grav iey ,  recora,  
c, ~ d j u s t  emperature,  record.  
3. Xeasure 0i-C content(3! record .  
2. Measure CO3 , record .  
f , Measure NH con ten tv )  , record .  3 
g. Remove sample f o r  spec t rographic  a n a l y s i s .  
5. Impregnation ope ra t ion  
a, Bring n i t r a t e  s o l u t i o n  i n t o  tank  s lowly wi th  vacuum, 
be Record vacuum. 
e, Record temperature,  beginning. 
d, Record temperature,  end. 
e. Record impregnation time. 
f, Dump n i t r a t e  back i n  s t o r a g e  tank ,  and c l ean  bottom of 
impregnation tank;  be c a r e f u l  n o t  t o  g e t  water  on 
impregnated plaques,  
6. P o l a r i z a t i o n  ope ra t ion  
a .  Bring c a u s t i c  s o l u t i o n  i n t o  tank  slowly wi th  vacuum, 
b, Adjust p o l a r i z a t i o n  c u r r e n t ,  record .  
c ,  Record temperature,  beginning. 
d ,  Record temperature,  end. 
e ,  Pleasure t h e  v o l t a g e  from each plaque t o  t h e  s i d e  of the  
p o l a r i z a t i o n  tank  which w i l l  be used a s  a  r e f e rence ;  m k e  
e l e c t r i c a l  con tac t  t o  t he  plaque a t  t h e  r e s i s t a n c e  welded 
n i c k e l  lead .  A low vo l t age  w i t h  r e s p e c t  t o  t h e  o the r  
plaques (assuming t h e  plaques e x h i b i t  a  common 
r e s i s t a n c e )  i n d i c a t e s  a  poor e l e c t r i c a l  connect ion between 
- 3 1  - 
t h e  source and t h e  plaque,  and a  smal le r  amount of 
c u r r e n t  pass ing  through t h i s  plaque than  the  o the r  
plaques. Rework of t h e  e l e c t r i c a l  connect ions would 
be r equ i r ed .  Record vo l t ages .  
f .  Record plaque vo l t age  to  r e f e rence  e l e c t r o d e  a t  end o f  
p o l a r i z a t i o n .  
g. Record p o l a r i z a t i o n  time. 
h .  Dump c a u s t i c  s o l u t i o n  back t o  s to rage  tank ,  c l ean  out  
p o l a r i z a t i o n  tank ,  s i d e s  and bottom. 
7 .  Washing opera t ion  
a. Record number of cyc l e s  
b e  Record time fo r  each cycle .  
c. Record water  temperature 
d ,  Record pH of water ,  end l a s t  cyc le  
8. N i t r a t e  s o l u t i o n ,  end of cyc l e s  
a.  Remove sample f e r  spec t rographic  a n a l y s i s  
9. Caus t ic  s o l u t i o n ,  end of cyc les  
a .  Measure OM content ,  record  
b. Measure C 0 3  con ten t ,  record .  
c .  Measure NE3 con ten t ,  r eco rd ,  
d ,  Remove sample f o r  spec t rographic  a n a l y s i s  
e. Dmp c a u s t i c  s o l u t i o n ,  c l e a n  tank  thoroughly 
10, Drying ope ra t ion  
a .  Scrub t o  remove loose impregnation m a t e r i a l  i n  d e i o n r s e d  
water ,  
b ,  Sandwich plaques between b l o t ~ e r  paper ,  p lace  i n  ove~ l  
P 1 0 7  with Forceci air; remperab-ures l . 7 ~  k f o r  p o s i t i v e  p ? d i  eb  
100"~ f o r  ~ e ; s c i v e  plates, 
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c.  Record Temperature 
d. Secord drying time 
A complete l i s t i n g  of a l l  t e s t s  and measurements may be 
found i n  t h e  Appendix of t h i s  r e p o r t  (Exhib i t  2 ,  General 
Appendix) . 
N. FORMATION 
The formation ope ra t i on ,  which w i l l  be used t o  form t h e  impreg- 
nated plaques r e s u l t i n g  from t h e  impregnation/polarization des ign  expe r i -  
ments,  i s  i n  e f f e c t  a  c lean ing  opera t ion .  The f i n i s h e d  cycled impregnated 
plaques a r e  placed i n  a  c lean  KOH e l e c t r o l y t e  s o l u t i o n  and subjec ted  t o  a 
slow overcharge of approximately 120 t o  200%. The gas  evo lu t ion  generated 
by the  overcharge r e s u l t s  i n  a  v e r y  c l ean  plaque su r f ace .  
The l a r g e r  tank  observed i n  t h e  photograph of t h e  p i l o t  produc- 
t i o n  f a c i l i t y ,  Second Quar t e r ly  Report''', i s  t h e  formation tank .  It 
can accommodate 20 p l aques ,  bu t  f o r  t h i s  program, 18 plaques w i l l  be utilized 
i n  a  p a r t i c u l a r  formation opera t ion .  With t h e  completion s f  two ( 2 )  impreg- 
n a t i o n / p o l a r i z a t i o n  experimental  runs ,  t h e  18 r e s u l t i n g  plaques w i l l  be sub- 
j ec ted  t o  t h e  formation opera t ion .  A more o r  l e s s  s tandard ized  p r o c e d ~ r e  
has  been devised fo r  t h i s  ope ra t i on  and i t s  major s t e p s  a r e  ou t l i ned  beiow, 
1. Assure t h e  tank  i s  c l ean  and a l l  e l e c t r i c a l  connect ions 
t o  t h e  plaque a r e  n i c k e l  s t r i p s  t o  prevent  contaminat ioa,  
2 .  Introduce KOH s o l u t i o n  of 1.300 s p e c i f i c  g r a v i t y ,  room 
temperature .  
3 .  Charge plaques overn ight  a t  a  ~ / l 6  r a t e ,  c u r r e n t  s h a l l  be 
based on the  average pick-up weight per  plaque i n  one opera- 
t i o n  r equ i r ed  t o  overcharge t o  170%. 
4.  Measure t h e  v o l t a g e  from each ylaque t o  t h e  s i d e  of  the  for- 
mation tank  which w i l l  be used a s  a  r e f e r e n c e ;  make e%ec t r i ea l  
con tac t  t o  t h e  plaque a t  t h e  r e s i s t a n c e  welded n i c k e l  l ead ,  
A Pow voltage w i t h  r e s p e c t  t o  t h e  o t h e r  plaques (asslamisg she 
plaques  exh ib i t  a common r e s i s t a n c e )  Lndicates  a 
G > ; J T ~ T  ]:LMU L I ~ S  . 1 L ( f i t ~ ; :  f- L 
connet: + Orld  J b - 9 2 ~  LO I i J  .W ul:eh?i, ketc~i" li - 7 0  za2e-l 
I ; ( ~ u . ~ P u ? ( ~  ~ ~ 1 - 3  ue t o  a r  
( " cxercharoe ~ h d s e  of the o ~ e r a t i o n ,  
. Completely a r s c h a r ~ e  plaques a t  a ~ $ 2  r a t e .  This s t e q  _s 
1-ntroduce6 to F a c i l i t a t e  t h e  sb~bsequenk s i n s l e   pate 
t e s t i n g  opera i lon ,  I n  t h i s  procedure,  i t  IS u e s i r e d  : 
t h e  t e s t  p l a t e s  t o  identical t e s t  condi t ions  LO avoid t - e  
b i l i ~ y  af ~ n t ~ o d u c l n g  some unknown var iab '_e ,  'Slaques a c k  
charged during she formation operatnow and $5 s torec  :r 
cond t t i on  w o u l d  s e l f -d i scha rge  t o  some unknown partia 11 -,- r $ec 
s t a t e .  m e n  a plaque was s e l e c t e d  for capac i ty  t e s t lwg*  -: 
would "nave t o  be first  completely discharged t o  achieve -, -.rrrior 
s t a r t i n g  po in t  Eor the s t anda rd tzea  capac i ty  t e s t  proce;lyre 
which inc ludes  a  f i x e d  charged amount. The d ischarg iag  2 :  
chese plaques i s  b e s t  performed i n  t h e  formailon tank wher?  
a l l  may be discharged at t he  same time, 
7 .  The plaques w112 be washed In deionized &rater u n t i l  a ?or?: 
i s  reached where the w a s h  water ,  deterrnlned by the Bast > p i n g  
method, i n d i c a t e s  a pH s f  l e s s  than 8,0, 
8. The plaques w i l l  be scrubbed i n  deionized water  t o  rerno7j.e :gssz 
m a t e r i a l s .  
9. The plaques w i l l  be sandwiched between b l o t t e r  paper and ~ 1 d c e d  
i n  a  drying m e n  equipped w i t h  forced a i r ,  Drying w i l l  3e yo a 
s p e c i f i e d  temperature and time. 
10. Sto rage  w i l l  be i n  an a i r - t i g h t  cab ine t  conta in ing  a  des s i cans ,  
I n  a d d i t i o n  t o  the  above formation work, t h e  formation opera t ton  
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~ t s e l f  w i l l  be t h e  s u b j e c t  of  an  i n v e s t i g a t i o n .  
A des ign  experiment was formulated i n  a  fash ion  s i m i l a r  t o  des iga  
experiments descr ibed  i n  previous r e p o r t s  t o  a s s e s s  t h e  e f f e c t s  sf  ?rscPss 
v a r i a b l e s  a s soc i a r ed  wrth t h e  formation opera t ion .  
The process  v a r i a b l e s  s e l e c t e d  f o r  i n v e s t i g a t i o n  a r e :  
(1) amount of  w e r c h a r g e  
(2) s p e c i f i c  g r a v i t y  of t h e  KOH s o l u t i o n ,  and 
(3) length  of t ime s f  t h e  formation process  
A s h o r t  formation per iod  would, of course ,  r e q u i r e  3 gr2szer 
cuyrsnt  d e n s i t y  co achieve a s p e c i f i c  amount o f  overcharge, Z"5e " o /e .s 
"1)r :he process v a r i a b l e s  are s e l e c t e d  t o  brackpc the preser lc  ?rr - c  C L G ~  
The Eollawing i s  t h e  proposed des ign  ?,per iwe~3t .  E f - I -  :a+ 
- f 9 0 t h  - ~ o s i  t rve a n d  negat ive brnpregna t e 3  p laq urs : 
FO~I,~TI~N src.iirix 
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,L-, cxng pernod ior cne 2 e r ~ o r n a ~ ~ ~  i3r cne s~ngls p L A I : ~  
-L , d c ~ L y  ces t ing  r equ i r ed  t o  eva lua t e  ~ i a t e s  proauced durrng che --moreg- 
lacion phase of  t he  s u b j e c t  Trogram. The impregnated p l a t e s  % r e  3ta%-ecied 
to t h i s  t e s t  a f t e r  complet5on of t he  formation process .  
The following procedure i s  a  modi f ica t ion  of a  proce6ure adapted 
"' frcm the  l i t e r a t u r e ,  ' ) 
Bas ica l ly  t h r e e  p o s i t i v e  o r  nega t ive  p l a t e s ,  f u l l y  a i scharged ,  
- m e r s e d  i n  t h r e e  s e p a r a t e  ranks conta in ing  KOH, s p e c i f i c  gravity E,3, 
m p e r a t u r e .  The t h r e e  tanks a r e  connected e l e c t r i c a l l y  i n  s e r i e s  t o  
a ccrsraat - ~ o l t a g e / c o n s t a n t  c u r r e n t  power supply. The p l a t e s  a r e  charged 
a t  a @ / 3  r a r e  f o r  four  hours ,  allowed t o  s t and  f o r  30 minutes ,  ana then 
discharged a t  a e l 2  r a t e ,  Voltage from t h e  p l a t e  t o  t h e  n i c k e l  counter 
e l e c t r o d e s  and from t h e  p l a t e  t o  a  mercury/mereury-oxide r e fe rence  electrode 
is msnitorea and recorded. Capacity i s  a e r e m i n e d  from t h e  time increment 
t o  rhe v o l t a g e  break a s s o c i a t e d  wi th  a c t i v e  m a t e r i a l  exhaust ion,  3a t a  i s  
c a l c u l a t e d  i n  capac i ty  per  p l a t e  a r e a  and capac i ty  per  a c t i v e  s a t e r i a l  
q u a n t i t y *  
A d i s t a n c e  of 3 t o  4 inches  e x i s t  between t h e  p l a t e s  under I n v e s t i -  
g a t i o n  and t h e i r  counter -e lec t rodes .  This  d i s t a n c e  was s e l e c t e d  to minimize 
the e f f e c t  of e l e c t r o d e  gass ing  upon t h e  r e f e rence  e l ec t rode .  But t o  assure 
r e p r o d u c i b i l i t y ,  t h e  o u t l e t  o f  t h e  " s a l t  b r idge 'bo f  t h e  r e f e rence  electrode 
must be i n  con tac t  w i th  t h e  p l a t e  under i n v e s t i g a t i o n .  
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[~Eil,4V[TC-TB-LE - -  IAL Zk!A COVER ASSEMBLIES 
A gene ra l  q u a l i t y  assurance s p e c i f i c a t i o n  (Qual i ty  A s s u r a n c e  
? ? e c i f i c a t i o n  f o r  t h e  Manufacture of Ceramic-to-Metal S e a l s )  and a 
s p e c i f i c  drawing (Cover Assembly drawing no. 09-04-010-1) have been 
completed f o r  t h e  procurement of cover  assemblies  t o  be used i n  the cell 
i n v e s t i g a t i o n  phase of t h i s  program. Copies of both documents a re  included 
i n  the  appendix of t h i s  r e p o r t .  (Exh ib i t s  3  and 4 ,  General Appendix), 
Through t h i s  work i t  w a s  endeavored t o  improve the  r e l i a b i l i t y  
a s soc i a t ed  wi th  t h i s  i t em by two means. F i r s t ,  t h e  a v a i l a b l e  pertinent 
l i t e r a t u r e  was thoroughly reviewed i n  a n  a t tempt  t o  d e l i n e a t e  wha t  
processes  and f a c t o r s  a r e  c r i t i c a l  t o  t h e  manufacture of t hese  i tems (51, (61 .? 
J ( )  Performance requirements  f o r  t h e  c r i t i c a l  processes  and f a c t 3 r s  
were then incorporated i n  t h e  s p e c i f i c a t i o n  and drawing. Second, when 
p o s s i b l e , s p e c i f i c a t i o n s  and s tandards  were introduced t o  c o n t r o l  the 
manufacturing processes  and in spec t ion  procedures.  
The fol lowing is a b r i e f  s u m t i o n  on a  s e c t i o n  b a s i s  of t h e  
i n t e n t  of t h e  q u a l i t y  assurance  s p e c i f i c a t i o n :  
3 .0 Ma te r i a l s  In spec t ion  
This  s e c t i o n  imposes upon the  vendor t h e  r e s p o n s i b i l i t y  o f  
a s s u r i n g  the  i d e n t i f i c a t i o n  and q u a l i t y  of t h e  r a w  m a t e r i a l s  which are used 
i n  t he  f a b r i c a t i o n  of t h e  end product .  It inc ludes  t h e  n e c e s s i t y  of an 
eva lua t ion  of both phys i ca l  p r o p e r t i e s  and t h e  chemical composition ~f 
m a t e r i a l s .  I n  a d d i t i o n  it r e q u i r e s  the  es tab l i shment  of a  d o c m e c t a t i o n  
program i n  which t h e  records  of t e s t s ,  eva lua t ions ,  i n s p e c t i o n s ,  and material 
c e r t i f i c a t i o n s  a r e  maintained. 
4.0 Mate r i a l s  Cleaning and Handling 
This s e c t i o n  imposes upon t h e  vendor t h e  r e s p o n s i b i l i e y  of 
e s t a b l i s h i n g  adequate  m a t e r i a l s  c l ean ing  procedures.  Conformance t o  m i l i t a r y  
s tandards  i s  s p e c i f i e d .  Also the  minimum requirements t o  be used i n  t he  
handl ing  and s to rage  of cleaned p a r t s  a r e  s t a t e d .  
5.0 Preproduct ion Mate r i a l s  Q u a l i f i c a t i o n  
The r e s p o n s i b i l i t y  of a pre l iminary  e v a l u a t i o n  of t he  vendors 
over  a l l  manufacturing c a p a b i l i t y  before  t h e  s t a r t  of a c t u a l  productbon i s  
imposed by t h i s  s e c t i o n .  I n  a d d i t i o n  a po r t ion  of the  in spec t ion  procedures 
t o  be u t i l i z e d  i n  the  eva lua t ion  of t h e  f i n a l  cover assembly i s  descr ibed 
t h e r e i n .  
6 .0  Cover Assembly Process ing  
Performance requirements ,  manufacturing in spec t ion  requirements ,  
and genera l  workmanship requirements a r e  def ined by t h i s  s e c t i o n ,  This s e c t l o n  
a l s o  r e f l e c t s  t h e  i n t r o d u c t i o n  of s p e c i f i c a t i o n s  and s tandards  t o  con t ro l  
manufacturing processes .  
7 .0  Cover Assembly Inspec t ion  Requirements 
The minimum inspec t ion  requirements t o  be u t i l i z e d  i n  the 
eva lua t ion  and acceptance of a  cover assembly l o t  a r e  descr ibed i n  t1:is 
s ec t ion .  The i n t r o d u c t i o n  of s p e c i f i c a t i o n s  and s t anda rds  t o  con t ro l  
i n spec t ion  procedures and acceptance c r i t e r i o n  i s  r e f l e c t e d  t h e r e i n ,  
8 .0 Q u a l i t y  Assurance Provis ions  
Inspec t ion  r e s p o n s i b i l i t i e s  and document submi t t a l  2 rccedures  
a r e  def ined by this sec t ion .  I n  a d d i t i o n  the r e s p o n s i b i l i t : ~  for the 
astabi ishment  and spesation of  a q u a l i t y  assurance  program i s  i->ooseLg 
upon the  vendor. The provis ions  of t h e  program mus; "include ch? -sc~i_7,rsib- 
nent and m a i n t a a n c e  cf c o n t r o l s  over t h e  mantifacturing process- . ,  - 3 
es tab l i shment  and inaintenance of adequate  record keeping procedures ,  
eva lua t ion  and c o n t r o l  of subcontracLors ,  s u i t a b l e  methods and f a c i l i t i e s  
f o r  processing m a t e r i a l s ,  and the  es tab l i shment  and maintenance of adequate  
c a l i b r a t i o n  procedures.  
9.0 Packaging 
This  s e c t i o n  de f ines  t he  minimum packaging requirements to 
as su re  the  i n t e g r i t y  of the  cover assembly upon r e c e i p t  by t h e  Buyer, 
V I I .  SEPARATOR 
A q u a l i t y  assurance  s p e c i f i c a t i o n  (Non-Woven Nylon S p e c i f i c a t i o n  
f o r  Nickel-Cadmium Spacec ra f t  C e l l s )  f o r  t h e  procurement of s e p a r a t o r  m a t e r i a l  
has  been completed and a  copy is  included i n  t h e  appendix of  t h i s  report, 
(Exh ib i t  5 ,  General Appendix). 
Involved i n  t h i s  process  c o n t r o l  s tudy  was work a s s o c i a t e d  with 
non-woven nylon s e p a r a t o r s .  The s e p a r a t o r  r e p r e s e n t s  one of  t h e  most critical 
i tems i n  t h e  nickel-cadmium c e l l .  The purpose o f  t h i s  work was to prepare 
s e p a r a t o r  s p e c i f i c a t i o n s  which w i l l  c o n t r o l  o r  d e t e c t  a  change i n  the 
m a t e r i a l .  
A major problem i n  t h e  p repa ra t i on  of  t h e  s p e c i f i c a t i o n  f o r  separa- 
t o r s  i s  t h a t  t h e r e  seems t o  be a  divergence of op in ion  a s  t o  what separator 
t e s t s  a r e  important  o r  meaningful ( s e e  Sec t ion  IV of  t h e  Second Q u a r t e r l y  
Repor t ) .  The recommended s o l u t i o n  t o  t h i s  problem i s  t o  have two ( 2 )  types 
of s p e c i f i c a t i o n s  f o r  s e p a r a t o r s .  The f i r s t  type  of s p e c i f i c a t i o n  would  be 
f o r  raw m a t e r i a l  l o t s  and would be e x t r a o r d i n a r i l y  d e t a i l e d .  The second 
s p e c i f i c a t i o n  would be f o r  s e p a r a t o r s  ready f o r  c e l l  assembly ( c u t  pieces), 
An added advantage f o r  t h e  double s p e c i f i c a t i o n  approach i s  t h a t  it provides 
a  means of c o n t r o l  on t h e  s epa ra to r  c u t t i n g  ope ra t i on  (prevent ion  of a n t i -  
s t a t i c  a g e n t s ,  e t c ) .  The second s p e c i f i c a t i o n  would be t a i l o r e d  fo r  each 
customer 's  requi rements ,  whereas t h e  raw m a t e r i a l  s p e c i f i c a t i o n  would 
inc lude  a l l  p o s s i b l e  t e s t s .  A b r i e f  o u t l i n e  of t h e  raw m a t e r i a l  specification 
i s  presen ted  below. 
Separator Raw Material Quality Assurance 
Specificatton Outline 
Physical Measurements 
Thickness 
Weight 
Physical Analyses 
KOH Tests 
Absorption 
Wettability (Wicking) 
Electrical Resistance 
Permeability 
Tests for Additives/Wetting Agents 
KOH 
Chemical Analyses 
Spectro 
Infrared 
C1 , NO3 - SO4 = 
Extractables 
H20, TCE, CH30H 
(Oxidation R) (for polypropylene) 
V I I I .  PROGRAM PLAN 
1. Work w i l l  cont inue  on the  impregnation, p o l a r i z a t i o n  and 
formation experiments.  It i s  planned t o  complete t hese  experiments by  
t h e  end of February. 
2 .  Separa tor  m a t e r i a l s  have been procured and w i l l  be  s u b m i t t e d  
t o  t h e  prepared s p e c i f i c a t i o n .  The m a t e r i a l s  t o  be t e s t e d  w i l l  b e  2505 
non-woven nylon a s  suppl ied by Pe l lon  Corpora t ior  and a mater ia;  Z r c m  
Howard T e x t i l e s  of approximately the  same d e n s i t y  and th i ckness ,  
3 .  Ceramic-to-metal s e a l  source con t ro l  drawings and s ~ e c i f i c a t i ~ n s  
w i l l  be f i n a l i z e d  and o rde r s  w i l l  be placed f o r  s e a l s  f o r  t he  f i n a l  J e s i ~ n  
-ce l l s .  
4 .  Work w i l l  begin on manufacturing c o n t r o l s  of s e n s i n g  'signal) 
rppe a u x i l i a r y  e l e c t r o d e s .  
I X  . CONCLUS IONS AND RECONMENDAT IONS 
In. Although an i n c r e a s e  i n  c e r t a i n  manufactur ing parameters  
such a s  s i n t e r i n g  temperature  and t h e  reducing atmosphere normally result 
i n  s t ronge r  p laques ,  t h e r e  appears  t o  be a l i m i t a t i o n .  A l o t  o f  plaques 
produced us ing  a h igh  s i n t e r i n g  temperature  and a s t rong  reducing atmos- 
phere r e s u l t e d  i n  lower s t r e n g t h s  than  a l o t  of plaques produced us ing  a 
lower temperature  and a s t rong  reducing atmosphere. This  was a t t r i b u t e d  
t o  a phenomenon descr ibed  a s  over-bonding and v i s u a l  evidence was furnished 
by means of scanning e l e c t r o n  photomicrographs. 
2 .  The eva lua t ion  of experimental  da t a  r e s u l t i n g  from previously 
performed impregnation/polarization des ign  experiments permi t ted  the deter- 
minat ion  of  p r e f e r r e d  l e v e l s  f o r  a number of  t h e  process  v a r i a b l e s  under 
i n v e s t i g a t i o n  i n  t h e  p re sen t  impregnation/polarization process  study, In 
order  t o  reduce t h e  amount of  t ime r equ i r ed  t o  complete t h i s  phase of the 
program, t h i s  d a t a  i s  in tended  t o  be used t o  reduce t h e  o r i g i n a l  number of 
process  v a r i a b l e s  considered f o r  s tudy .  
Assuming t h e  maximization of  plaque pick-up weight i s  d e s i r e d  
i n  conjunc t ion  wi th  good e l e c t r i c a l  c a p a c i t y  and phys i ca l  c h a r a c t e r i s t i c s ,  
t h e  fol lowing a r e  t h e  optimized process  v a r i a b l e  l e v e l s :  
POS ITIVE PROCESS VARIABLES LEVELS 
A. High n i t r a t e  temperature  (Experimental Limit  2 1 0 " ~ )  
B. High NaOH s p e c i f i c  g r a v i t y  (Experimental Limit  1,250) 
C .  High NaOH temperature  (Experimental Limit  2 0 0 ' ~ )  
D. High p o l a r i z a t i o n  c u r r e n t  (Experimental L imi t  0.38 amp/in2) 
NEGAT IVE PROCESS VARIABLES LEVELS 
A. High n l t r a t e  temperature  (Experimental Limit 2 0 0 " ~ )  
B. High NaOH s p e c i f i c  g r a v i t y  (Experimental Limit 1.350) 
C. Low NaOH temperature  (Experimental Limit  8 2 ' ~ )  
D. High po la r i za t . i on  c u r r e n t  (Experimental Limit  0.70 amp/in2f 
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3 .  A l l  procedures  have been developed and proven f o r  ope ra t i on  
of t h e  p i l o t  l i n e  p l a t e  manufacturing equipment f o r  implementation of the 
impregnation/polarization and formation experimental  work inc luding  a l l  test 
procedures  and appara tus .  
4 .  A des ign  experiment was formulated f o r  a  s tudy  of the process 
v a r i a b l e s  a s s o c i a t e d  w i th  t h e  impregnated plaque e lec t rochemica l  cleaning 
or  formation opera t ion .  The v a r i a b l e s  s e l e c t e d  f o r  s tudy  a r e :  
A. Overcharge amount (110% - 200%) 
B. KOH s p e c i f i c  g r a v i t y  (1.20 - 1.40) 
C .  Process  Time ( 4  H r s .  - 24 Hrs.) 
5. Qua l i t y  Assurance S p e c i f i c a t i o n s  have been prepared f o r  
manufacturing c o n t r o l  o f :  
A. Plaque manufacture 
B. Ceramic-to-Metal s e a l  assemblies  
6 .  Non-woven nylon s e p a r a t o r s  
6 .  One of t h e  major d i f f i c u l t i e s  t h a t  i s  apparent  a s  a r e s u l t  ef 
our work i s  t h a t  a  t echnique  i s  needed t o  d e t e c t  vo ids  i n  t h e  braze  area, 
It i s  be l ieved  t h a t  p a r t s  t h a t  a r e  t y p i c a l l y  judged accep tab l e  contaen 
many vo ids  i n  the braze a r e a  which l ead  t o  leakage pa ths  f o r  r h e  cell 
e l e c t r o l y t e ,  A method i s  needed t o  determine vo ids .  X-ray has  3een 
suggested and has  been used i n  some i n s t a n c e s ,  bu t  =an only be interpreted 
f o r  c e r t a i n  geometr ies .  Most c u r r e n t  des igns  cannot be analyzed i n  aLb 
braze  a r e a s  u s i n g  X-rays, Ul t ra -sonics  have been proposed a s  a ~ e t h o d  of 
d e t e c t i o n  of  vo ids  and a d d i t i o n a l  work needs t o  be performed i n  t h i s  area 
co v e r i f y  t h a t  t h i s  i s  a  workable technique f o r  sc reen ing  of ceram~c-"- 
meta l  s e a l s .  
(i; Second Quarterly Keport, Study of Process Variables AssocL=t3 
Manufacturing Hermetically-Sealed Nickel-Cadmium Cells, preo 
p- 
National Aeronautics and Space Administration, Goddard Space F b s g h ~  
C e o t e r ,  Greenbelt, Maryland 20771 William 6. Harsch, Donald J. Coarx, 
-' L ~ L L  q ..- I S o  Carr, Eagle-Picher Industries, Inc., Joplin, Missocr~, 
dated Dccember 1970. 
(2) Dr. A. Fleischer, 
Cadmium Nitrates, Report No. 68AF11601, November 25, 1968. 
( Skoog, Douglas A * ,  West, Donald M., Fundamentals of Analytical -
!<o l t ,  Rinehart and Winston, 1963. 
( 4 )  Reed, A. H., Cover, P. W. and McCallum, J., Failure Mechanisms asd 
Analyses of Sealed Batteries, Technical Report AFAPL-TR-69-74, 
September, 1969. 
(5) interim Model Specification for High Reliability Nickel-Cadmium Space- 
craft Cells, NASA, S-716-P-23, April 30, 1969. 
-- 
(6) Scc.tt, W. R., R Study of thc State-of-the-Art of tlermetic Seals ?or 
Secondary Alkaline Spacecraft Cells, Final Report, NAS5-10432, March 
20, 1968. 
(7) Steinhaucr, R. A., Design of an Improved Long Life Ceramic-ro-P/ie~al 
Seal for Spacecraft Nickel-Cadmium Cells, Report presented at 
NASA/GSFC Battery Works%op, November 17, 1970. 
(8) Specification for Headers for High Reliability Nickel-Cadmium Spacecraft 
Cells Ceramaseal, Inc., New Lebanon Center, New York, S.I. 459, 
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E X H I B I T  1 
Q U A L I T Y  ASSURANCE S P E C I F I C A T I O N  F O R  USE 
DURING MANUFACTURE O F  POROUS N I C K E L  PLAQUES 
PRELIMINARY DOCUMENT 
FOR REFERENCE ONLY 
PRELIMINARY DOCUMENT 
FOR REFERENCE ONLY 
QUALITY ASSURANCE SPECIFICATION FOR USE 
DURING MANUFACTURE OF POROUS NICKEL PLAQUES 
SECTION I - RAW MATERIALS TESTING 
A, Carbonyl Nickel Powders 
1. C e r t i f i e d  t e s t  a n a l y s i s  s h a l l  be obtained with each l o t  of 
carbonyl n icke l  powder s t a t i n g  manufacturer,  l o t  number, 
d a t e  of manufacture. This c e r t i f i e d  a n a l y s i s  s h a l l  identify 
t he  content  of the  following elements: 
Carbon 
QKYgen 
Su l fu r  
P r  on 
Levels of t h e  following elements a r e  des i red:  
Arsenic 
Cadmim 
Copper 
S i l v e r  
Titanium 
Zinc 
2 ,  Bulk dens i ty  s h a l l  be checked and recorded for  each barrel s f  
carbonyl n i c k e l  powder. This bulk dens i ty  s h a l l  be measured 
using a S c o t t  v o l m e t e r  per  BTM-B212-48. 
B. Nickel Screen 
1. Visual  a n a l y s i s  s h a l l  be performed on each l o t  of screel; to 
v e r i f y  t h a t  t h e  m a t e r i a l  is t h e  c o r r e c t  mesh s i z e  and the  correct 
diameter . 
2 .  C e r t i f i e d  a n a l y s i s  s h a l l  be ~ b t a i n e d  with each l o t  of nickel screens 
s t a t i n g  manufacturer,  l o t  number, da te  of manufacture and shah1 
i d e n t i f y  a l l  t r a c e  meta ls  present  i n  t h e  amount s f  O,OB% or 
g r e a t e r ,  o r  a  spect rographic  a n a l y s i s  s h a l l  be run for each 
l o t  for  a  semsi-quantitati.pe a n a l y s i s  f o r  t r a c e  metals, 
3 .  The w i r e  s h a l l  be purchased i n  &he hard c o n d i t i o n  and w i l l  be 
annealed p r i o r  t o  t h e  manufacture  o f  plaques.  T e n s i l e  test- 
i n g  methods may be used t o  check annea l ing  q u a l i t y .  
SECTION I1 - PLAQUE MANUFACTURE START-UP 
S ta r t -up  i s  de f ined  a s  t h e  f i r s t  hour minimum of plaque making 
o p e r a t i o n  i n  which plaques a r e  cont inuous ly  being produced. S t a r t - u p  
is  a l s o  def ined  a s  t h e  per iod  of one (1) hour fo l lowing  any change of  
c o n t r o l  s e t t i n g s  f o r  t h e  furnace.  It i s  pe rmis s ib l e  t o  s t o p  manu- 
f a c t u r i n g  plaques wi thout  changing t h e  c o n t r o l  s e t t i n g s  of the furnace 
f o r  pe r iods  up t o  one (1) hour wi thout  performing t h e  s t a r t - u p  cll-i,ecks, 
A t  t h e  beginning of s t a r t - u p ,  thermocouples s h a l l  be passed 
through t h e  furnace t o  o b t a i n  a  temperature p r o f i l e .  This  p rof i ; e  s h a l l  
be recorded. 
The o t h e r  t e s t s  t o  be performed dur ing  s t a r t - u p  are listed i n  
t h e  fol lowing s e c t i o n .  
SECTION 111 - TESTIKG DURING PLAQUE MANUFACTIRE 
The plaques s h a l l  be v i s u a l l y  inspected  p r i o r  t o  i n s e r t i o n  into 
t he  furnace. There s h a l l  be no voids ,  r i p p l e s ,  g r i d  misalignment o r  
compacted areas .  Also t h e  plaques s h a l l  not  be r epa i red  by adding  
powder on and re - l eve l ing ,  bu t  s h a l l  be removed from t h e  f i x t u r e  and 
e m p l e t e l y  re-made. The following measurements and t e s t s  s h a l l  be per- 
formed : 
ITEM 
- START-UP CONTP\OL 
Bulk Density Once Per B a r r e l  
Temp. of  Heating Zone Recorded Continuously 
Temp. of  Cooling Zone L Every 15  Minutes 
Cooling Zone 2 18 II ( I  
Dewpoint Measurement 18 II tt  
Plaque Weight 6 t h ,  12 th  6L 24th Plaque 
Thickness t t  19 I U  II 
Calcu la te  Free  Volume 91  89 I#  9I 
Four Bofnt Bend S t reng th  Test '' 11 18 I D  
Bel t  Speed Once Per Lot  
DURING PEG. RUN 
Once Per Barrel. 
Recorded Continuously 
Every 4 Hours 
B1 #I '  e u  
Every 1 Hour 
2 Every 4 Hours 
(I ( 0  II ( I  
Once Per Lot 
A l l  da ta  s h a l l  be recorded on Lot Contro l  Sheets ,  
N, FINISHED PLAQUE TESTS 
A. A spec t rog raph ic  a n a l y s i s  s h a l l  be made once pe r  Lot m i n i m m  
t o  t e s t  f o r  i m p u r i t i e s  of :  
Arsenic  
Cadmium 
Copper 
S i  aver 
Titanium 
Zinc 
I r o n  
Manganese 
S i l i c o n  
B. Plaques s h a l l  no t  be compacted o r  planed a f t e r  s i n t e r i n g  o r  
before  impregnat ion ope ra t ions .  
SECTION V - RECORDS KEEPING 
A unique Lot  Number s h a l l  be assigned t o  each manufactured run 
of  plaques. .A l o t  is  defined a s  a continuous run of  the  same l o t  of raw 
mate r i a l s ,  Plaque l o t  w i l l  a l s o  change when t h e  b a r r e l  number of carbonyl 
n icke l  powder i s  changed. Plaque l o t  is changed f o r  any s t a r t -up  opera t ion 
(change of s e t t i n g s )  . 
The following information s h a l l  be documented on t h e  l o t  con t ro l  
sheets .  
A. Plaque Lot Number and S e r i a l  Number 
B. Raw Mater ia ls  Lot Numbers & Copies of  Analysis and 
Test  Data 
C. Bulk Density of Nickel Powder 
D. Temperature Data (Start-up & Run Data) 
E. Dewpoint Data 
P. Resu l t s  of Weight, Thickness, Free Volume and 
St rength  Tests  (Start-Up & Run Data) 
G. Scheduled Preventive Maintenance Sign-Bffs 
H. Finished Plaque Spec t r s  Data 
I. Individual  Plaque Weight 
The continuous temperature measurement c h a r t  fo r  the  heat ing 
zone s h a l l  be s t a p l e d  t o  the  l o t  con t ro l  sheet .  
Each plaque i n  a l o t  s h a l l  be s e r i a l i z e d  i n  order t o  maintain 
t r a c e a b i l i t y  t o  t h e  time t h a t  the  plaque was passed through the  furnace. 
Each plaque s h a l l  be impression stamped with 1st number and s e r i a l  number, 
and t h i s  i d e n t i t y  s h a l l  be maintained on subsequent firocessing operations, 
. " Shipments sf s r 0 c ~ ~ s e d  ?r b$','-;nrl-;~-- ,> ?eri plaqtze-;2 ; ;I- .. "tn".'.uds 
" A "  
2 :?APS C.C the  above uaza, 
SECTION VI - STORAGE 
T h i r t y  (30) p laques  maximum s h a l l  be bound t o g e t h e r  between 
cardboard  spacers .  
Plaques s h a l l  be s t o r e d  a t  room ambient cond i t i ons  p r i o r  t o  
impregnat ion processes .  
When unimpregnated p laques  a r e  t o  be  sh ipped ,  each group of  
30 (maximum) bound p laques  s h a l l  be s e a l e d  i n  a  po lye thy lene  bag ,  The 
s h i p p i n g  c a r t o n  s h a l l  be s i z e d  s o  t h a t  t h e  cardboard b i n d e r s  f i t  snugly 
i n  t h e  c a r t o n .  The sh ipp ing  c a r t o n  m a t e r i a l  s h a i l  be fiberboard, 
Styrofoam blocking o f  3 / 4 "  minimum th i ckness  s h a l l  be placed i n  t h e  
bottom and t o p  of t h e  sh ipp ing  c a r t o n .  
JFCTION "311 - PREVENT WE 'M.liPlJTTN.In\YCX REQUIREPIEmS 
The following opera t ions  shall be performed sn a p e r i o d - i s  
b a s i s  a s  given t o  maintain t h e  plague manufacturing equipment an ?roper 
working order ; 
A. The equipment s h a l l  be v i s u a l l y  inspected  one (1) time 
minimm per opera t ing s h i f t  t o  v e r i f y  equipment is in 
good r e p a i r .  
B. The endothermic genera tor  s h a l l  be purged i n  t h e  foll3wiag 
manner t o  remove accumulated carbon: 
Reverse a i r  flow by tu rn ing  o f f  gas and purge 
wi th  a i r  for  5 minutes minimum. kevesse air 
flow by tu rn ing  o f f  gas and pass  a i r  through 
t h e  c a t a l y s t  chamber f o r  2 112 hours  minimm, 
6, The furnace s h a l l  be cleaned of a c c m u i a t e d  carbon a n d  
o the r  r es idues  one (1) time minimum per y e a r ,  
E X H I B I T  2 
TESTS CONDUCTED UNDER NASA NAS5-21159 
TESTS CONDUCTED UNDER NASA NAS5-21159 
I n  o r d e r  t o  p rov ide  a good u n d e r s t a n d i n g ,  t h e  f o l l o w i n g  d e s c r s b c s  "he 
v a r i o u s  measurements and t e s t s  t o  be used d u r i n g  t h e  impregna t io - ,  
p o l a r i z a t i o n ,  format  i o n  and washing exper iments .  
Temperature Measurements 
1. N i  (NO3I2 S o l u t i o n  
2.  Ni(NO ) S o l u t i o n  i n  Impregna t ion  Tank 3 2 
3 .  Cd (NO3j2 S o l u t i o n  
4. Cd(NO ) S o l u t i o n  i n  Impregna t ion  Tank 3  2 
5 .  NaOH and XOH S o l u t i o n s  
6 .  NaOH and KOH S o l u t i o n s  i n  P o l a r i z a t i o n  Tank 
7. Wash Water 
8. KOH S o l u t i o n  i n  Format ion Tank 
9.  Wash Water 
3.0. KOH Used i n  Smal l  Tank f o r  Capac i ty  T e s t s  
S p e c i f i c  G r a v i t v  Measurements 
1. Ni(N03j, S o l u t i o n  
&. 
2. Cd(N03j3 S o l u t i o n  
- 
3. NaOH and KOW S o l u t i o n  used i n  P o l a r i z a t i o n  
4 .  KOH used i n  Format ion 
5 ,  KOH used Ln C a p a c i t y  T e s t s  
1, P laques  befgrs Impregnat ion 
2 ,  Plaques  aEtes P o l a r i z a t i o n  
3 ,  Plaques  sfter Format ion 
4 ,  Endiviid+sr.ll ?laces cur from Plaques  
V o l t a g e  Measurements 
1. Plaques  t o  R e f e r e n c e  E l e c t r o d e  d u r l n g  P o l a r i z a t i o n  
2 .  P laques  t o  R e f e r e n c e  E l e c t r o d e  d u r i n g  Format i o n  
3 ,  Pawer Supply  d u r i n g  C a p a c i t y  T e s t s  
4 .  P l a t e  t o  Refe rence  E l e c t r o d e  d u r i n g  C a p a c i t y  T e s t s  
C u r r e n t  Measurements 
1. T o t a l  C u r r e n t  d u r i n g  P o l a r i z a t i o n  
2 .  T o t a l  C u r r e n t  d u r i n g  Format ion 
3 .  C u r r e n t  d u r i n g  C a p a c i t y  T e s t s  
Chemical  T e s t s  
I ,  % OH - ( T i t r a t i o n )  
2 2 ,  % C03 - ( T i t r a t i o n )  
3. % NH3 ( D i s t i l l a t i o n  and T i t r a t i o n )  
4 .  F r e e  Acid Ni(N03)2 S o l u t i o n  ( T i t r a t i o n )  
5. F r e e  Acid Cd (N03)2 S o l u t i o n  ( T i t r a t i o n )  
6 .  pH o f  Wash Water a f t e r  P o l a r i z a t i o n  (pH Paper)  
7. pH of  Wash Water a f t e r  Format ion (pH Paper ,  L a s t  Dr ipp ings  Method) 
8. S p e c t r o - a n a l y s i s  of  Hydroxides and N i t r a t e s  
EXHIBIT 3 
QUALITY ASSURANCE SPECIFICATION FOR TEE 
MANUFACTURE OF CERAMIC-TO-METAL SEALS 
PRELIMINARY DOCUMENT 
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BRELmENBRY D O C W X I T  
FOR REFERENCE 8KK7 
QUALITY ASSSflKANCE SPECIFICATION 
FOR THE MANUFACTURE OF 
CERAMIC -TO -XET;aT, SEALS 
1 .0  SCOPE 
1.1 This  document con ta ins  t h e  minimum requirements  necessary f o r  
t h e  product ion of  ceramic-to-metal s e a l s  f o r  use  i n  h i g h  re l i -  
a b i l i t y  nickel-cadmium s p a c e c r a f t  c e l l s .  
2.0 APPLICABLE DOCUMENTS 
2.1 The fol lowing documents of t h e  i s s u e  i n  e f f e c t  on t h e  d a t e  
of r e c e i p t  of t h i s  document a r e  t o  be considered an  integral 
p a r t  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  
S tandards  
M i l i t a r y  
MIL-STD-100 Engineering Drawing P r a c t i c e s  
MIL-STD-105D Sampling Procedures & Tables  For 
Inspec t ion  by A t t r i b u t e s  
MIL-STD-271D Nondestruct ive Tes t ing  Requirements 
For Metals  
MIL-STD-767A Cleaning Requirements For S p e c i a l  Purpose 
Equipment Inc luding  Piping Systems 
Federa l  
FED-STD-151 Metals  ; Tes t  Methods 
S p e c i f i c a t i o n s  
M i l i t a r y  
MIL-B-7883B Brazing of  S t e e l s ,  Copper, Copper Al loys ,  
Nickel Al loys ,  Aluminum & Aluminun? Alloys 
MIL-I-1OA I n s u l a t i n g  M a t e r i a l s ,  E l e c t r i c a l ,  Ceramic, 
Class  L 
MIL-W-8611A Welding, Metal  Arc & Gas, S t e e l s  6 Corrosion 
& Heat R e s i s t a n t  Al loys ;  Process  For 
S-716-P-23 In te r im Model S p e c i f i c a t i o n  For Nigh 
R e l i a b i l i t y  Nickel-Cadmium Spacec ra f t  Cells 
AEC 
-
88209887 Res i s t ance  Welding 
9902119 P l a t i n g ,  E lec t rodepos i t ed ,  General Requtrements 
400220 Class  2 Welds I n  Corrosion R e s i s t a n t  Steels  
3 .0 MATER IALS INSPECT I O N  
3.1 Metal P a r t s  
3 .1.1 Metal p a r t s  ( c e l l  cover ,  t e rmina l s ,  s t r e s s  r e l i e f  col lars ,  
braze  cups, e t c . )  s h a l l  be sample inspec ted  under 10X 
magnif ica t ion  f o r  v i s u a l  d e f e c t s  such a s  blemishes,  pits, 
c u t s ,  c racks ,  f i l e  marks, weak p o i n t s ,  incomplete pene- 
t r a t i o n ,  e t c ,  (AQL Level 11 1.0 per  MIL-STD-lOSlD), Any 
such d e f e c t s  which could conceivably i n t e r f e r e  with the 
intended func t ion  of t h e  f i n a l  assembly s h a l l  be considered 
cause f o r  r e j e c t i o n .  
3.1.2 Metal p a r t s  s h a l l  be sample inspec ted  f o r  dimensional con- 
formance t o  s p e c i f i c  drawings (AQL Level I1 1.0 per  YIL-STD- 
l55D). Dimension and to l e rances  not  s p e c i f i e d  shall be 
i n t e r p r e t e d  per  MIL-STD-LOO. Where i t  i s  impossible t o  
measure t h e  th ickness  of fmmed p a r t s ,  a  minimum of Give 
(5)  p a r t s  s h a l l  be sec t ioned  t o  v e r i f y  they do aoK e x h i b i t  
excess ive  th inning .  
3.1.3 The vendor i s  r e spons ib l e  f o r  ob ta in ing  m a t e r i a l  certifica- 
t i o n s  conta in ing  t h e  following minimum information - supplFer  
name, a l l o y  des igna t ion ,  batch number, and c e r t i f i e d  anslysis 
of chemical composition and phys i ca l  p r o p e r t i e s ,  The 
vendor shall a l s o  perform lot v e r i f i c a t i o n  spectl-ograpiiic 
a n a l y s ~ s  t e s t s ,  T e s t i n g  s h a l l  be i n  conformance xx:' 
FED-STD-151. 
- 2  - 
3 - 2  Ceramic Bodies 
3 . 2 . 1  ,A 100% v i s u a l  i n spec t ion  i s  r equ i r ed  of a l l  ceramjc 
3 . 2 , 2  M a t e r i a l  s h a l l  be wh i t e  i n  co lor  and uniform i n  
a r e a s  of d i s c o l o r a t i o n  exceeding 10% of the S P L T ~ - ~  .= 
a r e  no t  acceptab le .  D i sco lo ra t ion  1s no t  perm 
any a r e a s  designated a s  "sea l"  a r e a s .  
3.2.3 Adhesions, bumps, i n c l u s i o n s ,  ch ips ,  or  ho le s  a r c  ~ c t  
accep tab le  i f  they a r e  excess ive  o r  exceed dirnexls- arc 
t o l e r ances ,  Such s u r f a c e  d e f e c t s  a re  not  permit! i 
any s u r f a c e s  designated a s  "sea t ' ' areas , 
3 .2 ,4  Unglazed su r f aces  must be c lean  and free of  
t h a t  cannot b e  removed without  i n j u r y  t o  the 
t h e  ceramic body. 
3-2-5 Glazed s u r f a c e s  nius t be smuot'o and c n r l c ~ ~ r a t i o ~ ~ s  ; I  
g lossy  appearance. Sur faces  must hn clean ~ J - I  
d i r t ,  smudges, o r  m e t a l l i c  deposics  that c a n ~ l o t  
without  in jury  t o  t h e  s u r f a c e ,  
Thickness of g laze  nrzastbe sufficseizi ro cove:' ,I)! 
face imperfec t ions .  Cracks o r  c r s z i n g  in ar *find: i 
g l aze  a r e  no t  accep tab le ,  Sur facz glazing 
t o  ceramic s u r f a c e s  l oca t ed  ou t s ide  of the eel;, 2 c - 
des igna ted  as "sea l"  a r e a s  s h a l l  be completely F r ,  ?!  p,Ldi 
3,2 ,6  Ceramic bodies  s h a l l  be sample inspec ted  for dimeniLsr- l  
conformance t o  s p e c i f i c  drawings (AQL Level IT I fi p r  MrL-3 "?  
105D). Dimensions and to l e rances  no t  s p e c i f i ~ d  shsTT c 
i n t e r p r e t e d  per  MIL-STD-100. 
- 3 -  
3 .2 ,7  In spec t  100% f o r  p o r o s i t y  by dye p e n e t r a t i o n  metho2 Fer 
MIL-I-1OA. I n  conjunc t ion ,  p a r t s  s h a l l  be  inspec ted  IC3% 
f o r  v i s i b l e  c racks  which a r e  no t  accep tab l e ,  
3 , 2 , 8  Ceramic bodies  s h a l l  be sample inspected f o r  sp 
g r a v i t y  (AQL Level  I1 l . , O  pe r  MIL-STD-1059)- Rs 
f a l l  w i t h i n  manufac turer ' s  s p e c i f i e d  l i m i t s ,  
3.2,9 The vendor s h a l l  be r e spons ib l e  f o r  ob t a in ing  Tact 
c e r t i f i c a t i o n s  conta in ing  t h e  fol lowing mininu11 11- a, 
t i o n :  Supp l i e r  name, ceramic des igna t ion ,  l o t  n t ? & e r ,  n q  
c e r t i f i e d  a n a l y s i s  of chemical c m p o s i t i o n  and p h v s e i a ,  
p r o p e r t i e s ,  The vendor s h a l l  a l s o  perform 1 o t  *?.el:-f- c,, - i on  
spec t rog raph ic  a n a l y s i s  tests. 
Az,d Ac j: i~ 
--- 
Metal Process  M a t e r i a l s  
3.3.1 The braze  a l l o y  s h a l l  be of  vacuum tube  q u a l i t y  w ~ c h  a -11~r1-3 IT 
carbon conten t  and a  low vapor p re s su re .  
3.3 ,2  The vendor s h a l l  be r e spons ib l e  f o r  a s su r ing  t h a t  z t r c ~ e  f ; a ~  
r e s t  i s  performed on each l o t  of  b raz ing  a l l o y  -o oe te i r~  -2e 
s o l i d u s  and l i q u i d u s  p o i n t s .  The r e s u l t s  s h a l l  be i l;  c-sl.C;-?-s- - 2  
w i t h  app l i cab l e  braze  a l l o y  s p e c i f i c a t i o n s .  
3 , 3 , 3  The p a r t i c l e  s i z e  and p a r t i c l e  s i z e  d i s t r i b u t i o n  s-!~a;'_ 9 
determined f o r  each l o t  of  s i n t e r e d  meta l  powder &ro 
m e t a l l i z i n g  m a t e r i a l .  The r e s u l t s  s h a l l  be i n  corkLorrz c z  
d e f i n i t e  l i m i t s  determined by prev ious  succes s fu l  ri12a-u' - - - L  y 
exper ience ,  
3 ,3 ,4  The vendor s h a l l  be r e spons ib l e  f o r  ob ta in ing  rnairer-LL 
cac ions  conta in ing  t h e  fol lowing minimum informat  i , r  
name, m a t e r i a l  de s igna t ion ,  l o t  n m b e r ,  and cer 
o f  chemical composition and phys i ca l  p r o p e r t i e s ,  he 
s h a l l  a l s o  perform hot v e r i f i c a t i o n  spec t rographic  analysis 
tests, Test ing  s h a l l  be i n  conformance wi th  FED-STD-151, 
4.0 UTERIALS CLEANING AND H m Z I N G  
4,4 Metal P a r t s  
4.1.1 Chemical c leaning  s h a l l  be u t i l r z e d  on a l l  meta l  parts 
and a combination of chemical c leaning  and furnace f i r l n g  
s h a l l  be u t i l i z e d  on upper braze cups and s t r e s s  relief 
c o l l a r s  i n  p repa ra t ion  fo r  .he -7acuum brazing o p e r a ~ i o r ~ s ,  
The chemical c leaning  process  s h a l l  conform co MIL-ST3-7S7Ae 
4 , 2  Ceramic Bodies 
4 . 2 , l  Ceramic bodies  s h a l l  f i r s t  be cleaned i n  an u l t r a s o n i c  
bath us ing  Freon followed by a  deionized water wash, 
The ceramic bodies s h a l l  then  be a i r  f i r e d  i n  a  furnace 
a t  a temperature of 1000°C + 50°C f o r  a  per iod  of  one (I) 
t o  four  (4) hours.  
4.3 Handling Procedures 
4.3.1 P a r t s  s h a l l  be handled i n  such a  fash ion  a s  t o  preclude 
any p o s s i b i l i t y  of contamination by impur i t i e s  o r  o i l s ,  
P a r t s  a r e  t o  be handled us ing  only c l ean ,  wh i t e ,  lint-free 
gloves o r  bone-tipped tweezers.  
4.4 S torage  Procedures 
4.4.1 Ind iv idua l  p a r t s  s h a l l  be s t o r e d  immediately a f t e r  completion 
of Sec t ions  4.1 and 4.2 i n  c l ean ,  c w e r e d  con ta ine r s  i n  a 
manner t o  prevent  damage. P a r t s  s u b j e c t  t o  cor ros ion  shall 
be s t o r e d  i n  a  s ea l ed  con ta ine r  u t i l i z i n g  a  des i ccan t ,  Ceramic 
bodies  s h a l l  be s t o r e d  i n  compartmentized con ta ine r s ,  
5 .0 PREPRODUCTION MATERIALS QUALIFICATION 
5 . 1  Each new l o t  of braze,  s i n t e r e d  meta l  powder (moly-manganese) 
or  a c t i v e  meta l  and ceramic m a t e r i a l s  s h a l l  be q u a l i f i e d  before 
use i n  product ion.  
5 .1.1 A minimum of t h r e e  (3 )  cover assemblies  s h a l l  be fabri- 
ca t ed  under t h e  exac t  same condi t ions  and c o n t r o l s  as are 
u t i l i z e d  i n  t h e  product ion process .  Each assembly shall 
9c 
be subjec ted  t o  t h e  proposed ASTM Tens i l e  Tes t  (S-716-P-231, 
F a i l u r e  of a s e a l  below a p re s su re  of 600 pounds per  inch 
of ceramic diameter s h a l l  be considered cause f o r  rejection, 
5.1.2 Cover assemblies  which pass  Sec t ion  5.1.1, s h a l l  be sub- 
j ec t ed  t o  a d e s t r u c t i v e  t e s t .  The Tens i l e  Tes t  s h a l l  
cont inue u n t i l  s e a l  f a i l u r e  occurs ;  t h e  fo rce  requi red  to 
produce f a i l u r e  and t h e  p l ace  of f a i l u r e  s h a l l  be recorded,  
A "peel Tes t "  s h a l l  then  be performed t o  v e r i f y  the ~ n t e g r i t y  
of t h e  s e a l .  Break t h e  ceramic m a t e r i a l  away from t h e  ins ide  
circumference of t h e  s e a t s  meta l  counterpar t  which de f ines  
t h e  a c t u a l  band of s e a l  a r ea .  Examine t h e  s e a l  area under EOX 
magnif ica t ion .  An i n d i c a t i o n  of non-adhesion a r e a s  (evidknced 
by an exposed meta l  sur face)  t o t a l i n g  more than  20% of the 
band a r e a  o r  t h e  i n d i c a t i o n  of a po in t  any p i ace  around the 
circumference of t h e  band i n  which t h e  width of the  adhesion 
a r e a  i s  l e s s  than  50% of t h e  width of t h e  band s h a l l  be con- 
* 
s ide red  cause f o r  r e j e c t i o n .  See Addendum. 
6.0 COVER ASSEMBLY EXOCESS I N G  
6.1 
P r i o r  t o  t h e  assembling opera t ion ,  a l l  mating su r f aces  slhall be sub- 
j e c t ed  t o  a 100% v i s u a l  i n spec t ion  f o r  bu r r s  o r  o the r  protrusions, 
Burrs o r  p ro t rus ions  which i n t e r f e r e  wi th  t h e  proper  f i t t i n g  of pa r t s  
or  t h e  flow of braze  m a t e r i a l  s h a l l  be removed. 
- 6 -  
6.1.1 Nechan ica l  f i x t u r i n g  s h a l l  be adequa te  t o  i n s u r e  main- 
t enance  of p a r t  p o s i t i o n s  d u r i n g  t h e  b r a z i n g  o p e r a t i o n ,  
Far r . i c l i l a r  at;eraf-ion sha l be 2i~:en Lo t h e  alig:?r!ri?n.:: o f  
cerminai  and cerami': s iacx; e to m a i n t a i n  c o n c e a t r  i c i t y ,  
;o'i:itures used KO h o l d  F ~ T X S  ar;d assemblies i c i  aiign!l:er?L 
~ u r i n g  b r a z i n g  s h a l l  be des igned  t o  a l l o w  axpans5on s: 
:he p a r  zs iu; i n g  h e a ~ i i r g  4d c m t r r a c t i o n  during coo .~-c:  
.31gs, f i x t u r e s ,  and clamps shall 5e of roncontaminat.i \ e 
m a t e r i a l s  and shou ld  on ly  i n v o l v e  p o i n t  o r  l i n e  csntac: 
6 , 2  
6,2,P J u s t  p r i o r  L O  t h e  b r a z i n g  o p e r a t i o n ,  p a c t s  and f i x t c r e s  
s h a l l  be c leaned  i n  an  u l t r a s o n i c  b a t h  u s i n g  Freon,  No 
more than 8 'hours s h a l l  be a l lowed t o  e l a p s e  between the 
s t a r t  of t h i s  l a s t  c l e a n i n g  o p e r a t i o n  and t h e  compie t i aa  
o f  t h e  f i n a l  assembly b r a z i n g  o p e r a t i o n ,  P r o v i s i o n s  s h a , l  
be made f o r  t h e  p e r i o d i c  c l e a n i n g  o f  f ix tu res ,  
6 - 3  i i 
Q , 3 , l  The ~ e k a l l i x i n g  coating bands on t h e  ceramic  body sha! l  ' I &  
measured for th ickr iess  and u n i f o r m i t y  on a sample l taszs  
(AQL Leve l  I1 j. 0 Fer  I'JIIL-STD-105D) , 
6,3,2 A 100% v i s u a l  i n s p e c t i o n  under 10X m a g n i f i c a t i o n  sha, l  5~ 
p c r  formed, P i n h o l e s ,  t h i n  a r e a s ,  and poor coverage s h a l  
be cons idered  zause  f ~ r  e j e c t s o n ,  
6,4 Vacuum Bell Jar Furnace 
S,L, :  P r x o r  to a p-r3~i i i*~t ian  run, a tese shall be perform:< .: 
de te rmine  ti?e 6xi:ge-raizure unifr?-i.nfty aE t h e  cont rc l le r i  ' 2 : : ~  
- .  , z o n e ,  The results must f a l l  x i t h i n  t h e  vendor  5 s p e c i t  i e c  
6,5,1 Il~i.. b.zrasl1:j.g o p e r a t i o n  s h a l l  be i n  conformance with 'YZL-*13-;$81:?, 
- 
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- ?  6 6 ~ ~ g ~ A - ; L ~ ~ ~ g s & ~ \ ~ ~  
-(, ~e;.di-wg ( 3 -  cc.li.5 - sssernbliee ..!-a 2 -  .=c 6 h,, Z Eliec ;r:c~~zqA-- 
T ; L ~ : ~  : 'T_E-~, -  ssln. 
6 6  Hea: sink f i x t u r e  s h a l l  be u t i l i z e d  t o  p r o t e c t  E F ~ E  
ceramic-to-rnetal s e a l  a r e a s  during welding operations, 
6 , 7  Res i s t ance  Welding 
Q,7.B Res i s t ance  welding on cover assemblies  s h a l l  be i n  
conformance wi th  SS209887. 
6.8 Platin_g ( I f  app l i cab le )  
6.8.1 Cover assemblies  s h a l l  be f i x t u r e d  i n  such a  fash ion  a s  t o  
prevent  excess  p l a t i n g  s o l u t i o n s  from e n t e r i n g  the ceramic- 
meta l  t e rmina l  ven t s .  
6.8.2 P l a t i n g  app l i ed  t o  cover assemblies  s h a l l  be i n  conformance 
wi th  9902119. 
7.0 COVER ASSEMBLY INSPECTION REQUIREMEMlS 
7.1 Vi sua l ,  loo%, POX Magni f ica t ion  
7.1.1 Metal  s u r f a c e s  s h a l l  be in spec t ed  pe r  Sec t ion  3.1,1, 
Evidence of s u r f a c e  d e f e c t s  descr ibed  t h e r e i n  s h a l l  be 
considered cause f o r  r e j e c t i o n .  
7.1.2 Ceramic s u r f a c e s  s h a l l  be in spec t ed  pe r  Sec t ions  3,2,L, 
3.2.2, 3.2.3 and 3.2.4. Evidence of  s u r f a c e  d e f e c t s  
desc r ibed  t h e r e i n  s h a l l  be considered cause f o r  rejec- 
t i o n .  
7.1.3 Braze j o i n t s  s h a l l  be i n spec t ed  per  Sec t ion  4.4,1 o f  
MIL-B-7883B. 
7.1.4 E l e c t r i c - a r c  weld j o i n t s  s h a l l  be inspec ted  per  S e e t i o n  
4.3.1 and Table 1 of 400220. 
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7.1.5 Res i s t ance  weld j o i n t s  s h a l l  be inspec ted  per  Sec t ion  
3.7.3.1 of  SS209887. 
7.1.6 Evidence of s t a i n s  o r  wetness caused by p l a t i n g  s o l u t i o n  
leakage on t h e  c w e r  s u r f a c e  i n  t h e  v i c i n i t y  of t h e  
ceramic t e rmina l  pos t  s e a l  s h a l l  be considered cause 
f o r  r e j e c t i o n .  
7.2 Dimensional 
7.2.1 Cover assemblies  s h a l l  be sample inspec ted  f o r  dimension 
conformance t o  s p e c i f i c  drawing (AQL Level  I1 1.0 pe r  
MIL-STD-105D). Dimension and t o l e r a n c e s  not  s p e c i f i e d  
s h a l l  be i n t e r p r e t e d  per  MIL-STD-100. 
7.3 I n s u l a t i o n  Res i s t ance  
7.3.1 Cover assemblies  s h a l l  be inspec ted  100% f o r  i n s u l a t o r  xesis- 
tance.  The e l e c t r i c a l  r e s i s t a n c e  between t h e  t e rmina l  p o s t  
and t h e  cover s h a l l  be 100 megohms o r  g r e a t e r  when rneasvred 
a t  a p o t e n t i a l  of 50 v o l t s  DC. 
7.4 Leak Tes t  
7.4.1 Cover assemblies  s h a l l  be inspec ted  100% f o r  l e a k s ,  The 
procedure used s h a l l  be helium l e a k  t e s t i n g  per  Sec t ion  6 
of MIL-STD-271D. Cover assemblies  s h a l l  e x h i b i t  a m a x i m u m  
l e a k  r a t e  of 1 x 10 '~ c c ' s  per  second of  helium. 
7.5 Radiographic Examination 
7.5.1 Braze j o i n t s  s h a l l  be sub jec t ed  t o  a sample rad iographic  
examination per  Sec t ion  4 . 4 . 2  of MIL-B-7883B (AQL Level 11 
1.0 per  MIL-STD-105D). The p r w i s i o n s  of t h i s  s e c t i o n  sha l l  
be performed only i f  d i r e c t e d  by t h e  purchase o rde r ,  
7 . 6  Tens i l e  Tes t  
3 < ivn.1 4 nrnsnm oE one [I$ cover 3ssembPy but  no t  less r k a n  
,, ; f e dar A arudnct jon s h * ~ l !  b e  randomly 
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s e l e c t e d  from a  day" product ion and sub jec t ed  t o  the 
T e n s i l e  Tes t  and i n s p e c t i o n  def ined  by Sec t ions  5,l, b 
and 5.1.2. A f a i l u r e  a t  t h i s  p o i n t  w i l l  r e q u i r e  noti- 
f i c a t i o n  of t h e  Buyer f o r  i n s t r u c t i o n  on t h e  d i s p o s i t i o n  
of t h a t  day 's  product ion.  
8.0 QUALITY ASSURANCE PROV IS IONS 
8 .1  Inspec t ion  R e s p o n s i b i l i t y  
8.1.1 Unless otherwise s p e c i f i e d  i n  t h e  c o n t r a c t  o r  purchase 
o rde r ,  t h e  vendor i s  r e spons ib l e  f o r  t h e  performance of 
a l l  i n s p e c t i o n  requirements  a s  s p e c i f i e d  he re in .  
Except a s  o therwise  s p e c i f i e d ,  t h e  vendor may u t i l i z e  h i s  
own f a c i l i t i e s  o r  any commercial l abo ra to ry  accep tab le  
t o  t h e  Government. 
8.2 Qua l i t y  Program 
8.2.1 The vendor s h a l l  e s t a b l i s h ,  main ta in ,  and ope ra t e  a 
q u a l i t y  program t o  a s s u r e  compliance wi th  a l l  r equ i r e -  
ments s p e c i f i e d  he re in .  The program s h a l l  i nc lude ,  b u t  
i s  n o t  l i m i t e d  t o  t h e  fol lowing p rov i s ions :  
8.2.1.1 Qua l i t y  Cont ro l  Procedures and I n s t r u c t i o n s  
s h a l l  be w r i t t e n  and kep t  c u r r e n t  f o r  all 
manufacturing and in spec t ion  ope ra t ions  associ- 
a t e d  w i t h  t h e  ~ u y e r ' s  c o n t r a c t .  S p e c i f i c  q n a l i t y  
c o n t r o l  i n s p e c t i o n  procedures s h a l l  be used 
f o r  a l l  i n s p e c t i o n  ope ra t ions  and s h a l l  be 
a v a i l a b l e  a t  a l l  p o i n t s  of  use.  
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8.2.1.2 Cont ro ls  s h a l l  be e s t a b l i s h e d  and maintained 
over t h e  manufacturing processes  t o  a s s u r e  
conformance of  t h e  product  t o  drawings and speci- 
f i c a t i o n s .  Both i n s p e c t i o n s  and c o n t r o l s  s h a l l  
be designed t o  a s s u r e  continuous c o n t r o l  of t h e  
q u a l i t y  of  p a r t s ,  sub-assemblies and assembl ies ,  
8.2.1.3 Records s h a l l  be maintained on a l l  manufacturing 
processes ,  i n spec t ions ,  tests and eva lua t ions ,  
These r eco rds  s h a l l  i nc lude  d a t a  concerning both 
conformity and non-conforming products .  Q u a l i t y  
d a t a  from a l l  a v a i l a b l e  sources  s h a l l  be systerna- 
t i c a l l y  c o l l e c t e d ,  analyzed and u t i l i z e d  f o r  the 
prevent ion ,  d e t e c t i o n  and c o r r e c t i o n  o f  d e f i c i e n c i e s ,  
8.2.1.4 Subcont rac tors  s h a l l  be eva lua ted  t o  a s c e r t a i n  
t h e i r  c a p a b i l i t i e s  t o  provide t h e  r equ i r ed  s e r v i c e s  
and m a t e r i a l s ,  and t h a t  necessary  q u a l i t y  controls 
e x i s t  during t h e  per iod  i n  which m a t e r i a l  i s  
being produced and de l ivered .  Records of eva lua t ion  
s h a l l  be matained as long a s  t h e  subcont rac tor  i s  
a c u r r e n t  procurement source.  
8.2.1.5 S u i t a b l e  methods and f a c i l i t i e s  s h a l l  be pro- 
v ided  f o r  c o n t r o l l i n g  the  i d e n t i f i c a t i o n ,  handl ing ,  
sh ipping  and s t o r a g e  of m a t e r i a l  from t h e  time of 
r e c e i p t  u n t i l  d e l i v e r y  t o  Buyer. Procedures shall 
be e s t a b l i s h e d  t o  a s s u r e  nonconforming m a t e r i a l s  
r e c e i v e  p o s i t i v e  i d e n t i f i c a t i o n  and prompt and 
continued seg rega t ion  from o t h e r  m a t e r i a l  being 
processed o r  s to red .  
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8.2,1.6 The vendor s h a l l  e s t ab l i sh  and maintain a  system 
for  the  ca l ib ra t ion  of a l l  measuring i n s t r m e n t s ,  
t e s t  equipment and standards. Calibration inter- 
v a l s  s h a l l  be es tabl ished for  each item on the  
bas i s  of s t a b i l i t y ,  purpose and degree of usage, 
Calibrations s h a l l  be performed against s t a n d a r d s  
which have the  capab i l i t i e s  for accuracy, s t a b i l i t y ,  
and range required fo r  the  intended use. Calibra- 
t i o n  procedures s h a l l  be u t i l i z e d  and a  record, 
labeling and r e c a l l  system s h a l l  be provided. 
Calibrations and measurements s h a l l  be performed 
by qua l i f i ed  personnel i n  an environment eontrol led 
t o  the  extent  necessary t o  assure  the  required 
accuracy. Vendor s h a l l  assure t ha t  subcontractor;?; 
have an adequate ca l ib ra t ion  program. 
8.3 Document Submittal 
8.3.1 Each l o t  of cover assemblies submitted t o  the  Buyer shal l  
be accompanied by the  following documents : 
8.3.1.1 Cer t i f i ca t ion  of compliance with drawings and 
specif icat ions .  
8.3.1.2 Material  c e r t i f i c a t i o n s  (see 3.1.4, 3.2.4 and 3,3,3)  
including vendors quan t i t a t ive  data from ve r i f i c a t i on  
t e s t s .  
8.3.1.3 A br ie f  technical  repor t  summarizing qua l i t a t i ve ly  
and quan t i t a t ive ly  the  r e s u l t s  of the  t e s t s  and 
inspections performed under Sections 5.0 and 7-0, 
? ,O PA C-UG HNG 
9,l Containers  
9.1.1 Cover assemblies  s h a l l  be packaged f o r  shipmen: -n inti- 
v i d u a l l y  compartmentized sea l ed  c o n t a i n e r s ,  Eac? cover 
assembly s h a l l  be s e a l e d  i n  a polyethylene bag or equlva- 
l e n t  s e a l e d  mois ture- f ree  envelope. The a tmospne rc  f n s i u e  
t h e  con ta ine r  s h a l l  be maintained r e l a t i v e l y  rnoistxre-fr-e 
by t h e  a d d i t i o n  of a des i ccan t .  Packing shall 5e i n  
accordance wi th  the  b e s t  csrnrnercSal p r a c t i c e  anc s?a,- 
be s u f f i c i e n t  t o  prevent  damage Lo t he  cover ass~m.~Lscs 
during shipment. 
The follawing i s  an a l t e r n a t e  t e s t  procedure which may be used 
u n t i l  such time a s  the  proposed ASTM Test  is  formalized. 
I I Place cover assembly i n  dye and oven dry. Support assembly 
and push on terminal  post  from cover end u n t i l  f a i l u r e  occurs," 
E X H I B I T  4 
COVER ASSEMBLY, DRAWING NUHBER 09-04-010-1 
=ELIMINARY DOCUMENT 
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E X H I B I T  5 
NON-WOVEN NYLON S P E C I F I C A T I O N  FOR 
NICKEL-CADMIUM SPACECRAFT CELLS 
PRELIMINARY DOCUMENT 
FOR REFERENCE ONLY 
NON-WOVEN NYLON SPEC IF ICAT I O N  
NICKEL -CADMIUM S PACE CRAFT CELLS 
1.0 SCOPE 
This  s p e c i f i c a t i o n  de f ines  acceptance c r i t e r i a  f o r  aon-wt~x~en 
nylon m a t e r i a l s  used a s  s e p a r a t o r  m a t e r i a l s  i n  Eagle-Picher nickels-cadmim 
s p a c e c r a f t  b a t t e r i e s .  
This  document i s  intended f o r  use i n  procur ing  raw mates!-als, 
Ce r t a in  t e s t s  a r e  r equ i r ed  of t h e  s e l l e r  and c e r t a i n  t e s t s  a r e  required 
by Eagle-Picher r e c e i v i n g  in spec t ion .  I n  a d d i t i o n ,  it is  intended that 
i n d i v i d u a l  s e p a r a t o r s  be t e s t e d  t o  v a r i o u s  paragraphs of t h i s  s p e c i ~ f i c a t i o n  
a f t e r  c u t t i n g .  The p i ece  p a r t  s epa ra to r  drawing s h a l l  r e q u i r e  these tests, 
I n  t h i s  manner, necessary  q u a l i t y  c o n t r o l  s h a l l  be maintained fo r  the r a w  
m a t e r i a l  and subsequent opera t ions .  
2.0 DOCUMEWATION 
The fol lowing documents of  t h e  i s s u e ,  i n  e f f e c t  on t h e  date of 
t h i s  s p e c i f i c a t i o n ,  a r e  a p p l i c a b l e  t o  t h e  e x t e n t  o u t l i n e d  h e r e i n ,  
2 .1  EP-QC-1100 Q u a l i t y  Assurance Manual, P o l i c i e s  & Procedures 
2.2 EP-QC-1157 C a l i b r a t i o n  Procedures 
3.0 REQUIREMENTS 
3.1 General  
M a t e r i a l s  w i l l  be uniform i n  t e x t u r e ,  c o l o r  and appearance,  
They w i l l  be f r e e  of h o l e s ,  t e a r s  and i n c l u s i o n s  of forei-gn 
m a t e r i a l s .  
3.1.1 The components s h a l l  be capable of meeting the  r e q u i r e -  
ments of t h i s  document a f t e r  an  i n d e f i n i t e  pe r iod  of 
t ime i n  t h e i r  primary packaging con ta ine r .  
3.1.2 Each r o l l  s h a l l  be supp l i ed  w i t h  d a t a  s u f f i c i e n t  to core- 
p l e t e  a p p l i c a b l e  p o r t i o n s  of Data Sheet  No. 1, Appendix Z, 
Each r o l l  s h a l l  be suppl ied  wi th  an  i d e n t i f i c a t i o n  tag 
which s u p p l i e s  t h e  fol lowing minimum information : 
a )  Separa tor  ~ a n u f a c t u r e r ' s  S t y l e  o r  Type 
b) ~ a n u f a c t u r e r  's Lot  Number 
c) R o l l  Number 
This  i d e n t i f i c a t i o n  t a g  s h a l l  be placed w i t h i n  t h e  hol!ow 
gaper  core  of each r o l l .  I n d i v i d u a l  r o l l s  s h a l l  consis: 
of one (1) continuous shee t .  Sp l i ced  r o l l s  a r e  not 
accep tab le  and l o t s  may be made-up of more chan one f 1' 
roll, 
3,2,P Wetting agen t s  o r  antistatic agen t s  which cause Eoawi~g 
o r  a r e  unstable in strong a l k a l i  s h a k ~  not  be cseu .r; --2 
manufacture sf t he  m a t e r i a l  OP 12s added ro the  nl 
p r i o r  t o  d e l i v e r y  t o  Eagle-Picher , 
3,2.2 The va r ious  m a t e r i a l s  c o n t r o l l e d  by t h i s  s p e c i f a c a t ~ o n  
sha l l  meet t h e  s p e c i f i c  requiremenss of a t t ached  d a t a  
s h e e t s  f o r  each manufacturer .  See Appendix 11. 
3,2.2. l  Weight i n  grams per  yard s h a l l  be determined 5y 
d i r e c t  measurement, t h a t  i s ,  t h e  weight o f  a 
sample of one yard wi th  no fea thered  edges s h e l i  
be measured. See Appendix I1 f o r  s p e c i f i c  weight 
requirements .  
3 .2 .3  Addi t iona l  Requirements 
Such a d d i t i o n a l  requirements  a s  noted i n  t h e  remainder 3 :  t h t s  
s p e c i f i c a t i o n  s h a l l  be met. See Appendix I1 f o r  specific 
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permeabi l i ty ,  e l e c t r i c a l  r e s i s t a n c e ,  e t c .  
3.3 Chemical C h a r a c t e r i s t i c s  
3.3.1 T o t a l  e x t r a c t a b l e  organics  s h a l l  be l e s s  than  2,0% 
by weight.  
3.3.2 To ta l  i no rgan ic  content  s h a l l  be l e s s  t han  2,0% 13~7 
weight wi th  0.25% a s  t a r g e t  maximum a s  determined by 
chemical a n a l y s i s  o r  i g n i t i o n  r e s idue .  
3.4 Eagle-Picher s h a l l  be noted i n  w r i t i n g  of changes t o  dimen- 
s i o n s ,  t o l e r a n c e s ,  m a t e r i a l s ,  a d d i t i o n  agen t s ,  f i n i s h e s  and 
of t he  m a t e r i a l s  l i s t e d  i n  t h i s  s p e c i f i c a t i o n .  
4.0 QUALITY ASSURANCE 
4.1 C e r t i f i e d  Tes t  Data 
C e r t i f i e d  t e s t  d a t a  s h a l l  be r equ i r ed  i n  accordance wi th  T a b l e  
No. 1 and s h a l l  i n d i c a t e  r e s u l t s  of s p e c i f i c  t e s t s  perfaxwed by 
o r  under t he  supe rv i s ion  of t h e  vendor.  Actual  t e s t  dara of  
s p e c i f i c  t e s t s  a s  a p p l i c a b l e  s h a l l  accompany t h e  sk~ipment, 
4.2 Q u a l i f i c a t i o n  T e s t s  
Each m a t e r i a l  i s  considered q u a l i f i e d  f o r  use i n  each bactery 
which has  used t h i s  m a t e r i a l  i n  i t s  s u c c e s s f u l  q u a l i f i c a t i o n  
program. 
4.3 Acceptance T e s t s  
The t e s t s  of t h i s  s p e c i f i c a t i o n  s h a l l  be performed under the 
supe rv i s ion  of t h e  Eagle-Picher Q u a l i t y  Assurance Department 3s 
denoted i n  Table 1. Actual t e s t i n g  may be performed by Receiv- 
i n g  Inspec t ion ,  E-P Chemical Labora to r i e s  o r  o the r  t e s t  Zac i l i t y  
a s  determined by t h e  na tu re  of  t h e  t e s t .  Tes t s  s h a l l  Se conducted 
a s  per  Chis s p e c i f i c a t i o n ,  t h e  purchase order  o r  t h e  aoplizable 
drawing, 
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4.3.1 I d e n t i f i c a t i o n  
The shipment s h a l l  be inspec ted  t o  v e r i f y  t h a t  t h e  data 
r equ i r ed  by 3.1.2 and Data Shee t  No. 1 of Appendix I 
a r e  complete. 
4.3.2 Weight 
4.3.2.1 Procedure A 
One (1)  square  meter from each r o l l  s h a l l  be 
c u t  wi th  no fea thered  edges t o  demonstrate 
compliance wi th  Appendix 11. Record r e s u l t s  
on Data Sheet  2 ,  Appendix I. 
4,3,2,2 Procedure B 
Three samples 40 cm x 10 cm s h a l l  be c u t  across 
the width s f  t h e  r o l l .  The samples s h a l l  be 
weighed and grams/m2 c a l c u l a t e d .  The c a l c u l a t e d  
value s h a l l  be i n  accordance wi th  Appendix H I ,  
4 . 3 , %  Thickness V a r i a t i o n  
4 , 3 , % . l  Procedure A 
Thickness and v a r i a t i o n  of t h i ckness  s h a l l  be deLer- 
mined and recorded f o r  each r o l l  us ing  a C,QY gage 
Model DW-1. Measurement s h a l l  be made on a sample 
two (2)  f e e t  i n  length .  Ind iv idua l  de te rmina t ions  
s h a l l  be made a t  i n t e m a l s  of approximately t w o  (2) 
inches  f o r  a t o t a l  of t en  (10) measurements per 
sample. Record d a t a  on Data Shee t  No. 2. 
4.3.3.2 A t h i ckness  gage s i m i l a r  t o  CADY gage, Model M, 
s tandard  TAPPI 9/16'' d iameter  p re s su re  foo t  shall 
be used. Ten (10) specimens a r e  t e s t e d  and three 
(3) measurements a r e  taken on each. P re s su re  applied 
8 p s i .  
- 4 -  
Retent ion  
4.3.4.1 Equipment 
a )  Die f o r  c u t t i n g  sample 
b) Cady Gage DW-1 o r  Ames 262 platform dial 
micrometer 
c) Non-corrosive con ta ine r s  w i th  a i r  t i g h t  covers 
d) Luc i t e  P l a t e  
e )  Balance 
f )  Vern ier  c a l i p e r s  
g )  1.30 s p e c i f i c  g r a v i t y  e l e c t r o l y t e  
h )  Gas t i g h t  sample box 
i )  Nitrogen Supply 
j) Beaker 
4.3.4.2 Procedure (A) 
(1)  Die c u t  two (2) samples 6.50 cm x 2,,50 cm from 
each r o l l  (o r  a minimum of  s i x  (6) samples from 
each l o t ) .  Sample s i z e  i s  6.5 cm by 2,5 crn 
w i t h  f i b e r s  running i n  t h e  l eng th  dimensicm, 
i f  app l i cab le .  
(2) Measure dry l eng th ,  width and th i ckness  s f  
each sample and r eco rd  on Data Shee t  N o ,  2 ,  
(3)  Weigh each sample t o  t h e  n e a r e s t  mil l igram, 
Record dry weight of each sample on Data Sheer. 
No. 2. 
(4) Cover each sample wi th  e l e c t r o l y t e  in nonm- 
co r ros ive  con ta ine r .  Cover i n d i v i d u a l  con- 
t a i n e r  o r  enc lose  i n  secondary con ta ine r ,  
cover and f l u s h  wi th  n i t rogen .  
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(5) A t  t h e  end of t h r e e  (3) hours ,  remove ccc 
sample and determine dimensions, Record 3n 
Data Sheet  No. 2. 
( 6 )  Wipe sample ac ros s  dry l u c i t e  p l a t e  u n t i l  
no d r o p l e t s  remain, then  determine we:ght and 
abso rp t ion  per  Data Sheet  No.  3. 
( 7 )  Place  samples on s l a n t e d  (45 2 2") 7 ~ c L t e  ?laze 
f o r  15 2 5 minutes such that directlc~ -f 5l .c  
i s  along t h e  6.5 cm dimension, 
(8) Weigh each sample and record r e t e n t i c c  pc 
Data Sheet  No, 4 .  
4.3,4*3 
Tes t  i s  performed on samples taken from e z p l  
of each shipment by personnel  i n  the R e c , - ~  5:; 
In spec t ion  Sec t ion  of t h e  Qua l i t y  Control r t r e r k ,  
(1) Cut a minimum o f  two ( 2 )  samples frca t?e 
s t o c k  i n  r o l l  form. Each sample s i z e  i s  
X 4"". 
(2) Weigh t h e  4" x 4" sample of  p e l l o n  t o  t i e  
n e a r e s t  hundredth gram = (Wl) 
(3) P lace  LOO ccns of 1.300 + 0.02 s p e c i f ~ c  
g r a v i t y  KON s o l u t i o n  i n  t h e  100 ME beaker, 
(4) Immerse t h e  weighed t e s t  sample i n  tile a05 
s o l u t i o n  ( r e f e rence  4.2.2) f o r  a per iod  of 
one (1) hour. 
(5) Remove t e s t  sample from t h e  KOH solut:ion &?d 
a l low excess  e l e c t r o l y t e  (KOH) t o  drain while 
sample i s  h e l d  i n  a  v e r t i c a l  p o s i t i o n  for 
a per iod  of t e n  (10) p l u s  t h r e e  (3)  miraus 
+3 
z e r o  (0) (10 ,0) seconds. 
( 6 )  Weigh t h e  s a t u r a t e d  sample of  pe l lon  t o  
t h e  n e a r e s t  hundredth gram = (W2) 
(7) Calcu la t e  percent  of KOH abso rp t ion  u s ing  
t h e  formula as fol lows : 
w2 - w 1  
x 100 = % KOH abso rp t ion  
W1 
(8) Di sco lo ra t ion  of 1.3 sp.gr .  KOH s o l u t i o n  
s h a l l  be noted. 
NOTE: Percent  of  KOH r e t e n t i o n  (absorp t ion)  
-
must meet requirements  of Appendix 11, 
4.3.4.4 
1.29) 
Three (3)  specimens 45 x 70 mm a r e  weighed, The 
specimens a r e  immersed i n  a Kubelka jar.  After 
one (1) hour,  t h e  t e s t  specimens a r e  removed and 
allowed t o  "drip o f f "  f o r  one (1) minute. The 
e l e c t r o l y t e  r e t e n t i o n  i s  determined by record ing  
t h e  d i f f e r e n c e  of t h e  e l e c t r o l y t e  l e v e l  i n  cc's as 
per  t h e  fol lowing formula : 
KOH Absorption i n  %: 
W t .  o f  Tes t  Specimen 
Densi ty x 100 
KOH Absorption i n  g ~ m 2 :  
Re ten t ion  'n % x g m s / m 2  of 45 x 7 0  rnm Specimens- 
100 
No, of Tes t s  : 1 per  Sample. 
4*3 ,5  em- Wick 
4,3 ,5 ,% Samples - One (1) p e r  maqufacturer roll, cuc 
1 2 - 7 5  x 2 ,5  
4 ,3 ,5 ,2  Equipment 
a )  250 m l  beaker 
b) 1-30-1.35 s p e c i f i c  g r a v i t y  KOH 
c) Rule 
4,3.5.3 Procedure 
4,3.5,3,4 Place approximately 100 c c ' s  elect~o- 
l y t e  i n  a 250 m l  beaker.  
4 ,3 .5 ,3 ,2  P o s i t i o n  sample lengthways v e r t ~ c a l l j  
s o  t h a t  t h e  Bower end i s  immersed one 
(1) inch  minimum i n  e l e c t r o l y t e ,  
4,3.5,3.3 Note and record t h e  time f o r  e l e c t r o l y t e  
t o  a t t a i n  a s t a b l e  r e s i s t a n c e ,  or f o r  2 
minutes,  Measurements shag l be take-1 
approximately each 5 seconds and tne re- 
s u l t s  g raph ica l ly  p l o t t e d ,  
4 ,3,6 Res i s t ance  
4.3,6. l  Sample - One (1) sample from each manufacturer 's  
l o t  0 
4.3.6.2 Equipment 
a) Sample Holder and Tes t  F i x t u r e  
b) Ammeter, DC 
c) Null Pot entiometer 
d) 1.30 s p e c i f i c  g r a v i t y  e l e c t r o l y t e  
e )  Power Supply, DC 
4 . 3 . 6 . 3  Procedure 
(1) Adjust constant  cu r ren t  power supply t o  
50 ma/cm2 exposed separa to r  area .  
(2) F i l l  f i x t u r e  with e l e c t r o l y t e  above the 
l e v e l  of t h e  sample. 
( 3 )  Connect power supply t o  sample holder  and 
s t a r t  current .  
(4) Record th ree  ( 3 )  potentiometer readings a t  
f i v e  (5) second i n t e r v a l s  and record a f ina l  
va lue  a f t e r  s t a b i l i z a t i o n .  
(5) Remove sample and record vo l t age  fo r  blank 
run. 
( 6 )  Calcula te  r e s i s t a n c e  and r e s i s t i v i t y  as follows: 
R1' = Separator  Res is tance ,  o h - m  2 
Er = Voltage across  reference  e lec t rodes  
with separa tor  i n  path-volts  
Eb = Voltage drop during blank run, volts, 
I = Current,  Amperes 
A = Separator  Area Exposed - cm2 
P" = Separator  R e s i s t i v i t y ,  ohm-cm 
R" = Separator  Res is tance ,  ohm-cm 2 
(7) Record ca lcu la ted  va lues  on Data Sheet 5, 
Graph r e s i s t a n c e  values on one (1) graph 
(10 x 10 per  inch).  
4.3.7 Tensi le  Strength a t  Break 
4.3.7.1 Samples 
Two (2) samples from each r o l l  or s i x  (6) from 
each manufacturer % l o t .  
4.3.7.2 Equipment 
Tensi le  Tes ter  
Vernier Cal ipers  
CADY Gage 
Temperature Regulated Chamber 
Corrosion Res i s t an t  Containers 
4 - 3 . 7 . 3  Procedure A 
(I) Cut specimens 12.7 x 2.5 cm. Examine for 
cracks,  nicks and foreign mate r i a l  incBusLons, 
(2) Condition specimens a t  72 rfr 5 ' ~  at 80% maxi- 
m u m  r e l a t i v e  humidity. 
(3) Posi t ion  sample i n  t e s t e r  with g r i p  separa- 
t i o n  of th ree  ( 3 )  inches. 
( 4 )  Apply load, noting g r i p  separa t ion and load 
a t  break a s  we l l  a s  thickness.  
(5) Calcula te  t e n s i l e  s t r eng th  a t  break, 
Tensi le  Strength = Breaking Load, Pounds 
Cross Section Area 
% Elongation = L - LO (100) Lo 
L = Grip Seprat ion a t  Break 
Lo= Or ig ina l  Grip Separat ion 
( 6 )  Record r e s u l t s  on Data Sheet No. 5 ,  
(7) Repeat preceding four (4) s t e p s  on smples 
condi t ioned@ 70 + 2'6 for  24 hours i n  cell 
e l e c t r o l y t e  under a 602 - f r e e  atmosphere, 
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4.3.7.4 Procedure B 
A t e s t i n g  machine s imi la r  t o  the  S c o t t  Tes ter  
Model X-3 i s  used. The s i z e  of the  specimen i s  
50 x 260 mm. The dis tance  between t h e  clamps 
a t  the  s t a r t  of t h e  test s h a l l  be 225 mrn (8"). 
The speed of t h e  pu l l ing  clamp s h a l l  be 12  1/2" 
per minute. The load a t  the  moment of breaking 
i s  read i n  pounds. (For the  50 mm wide specimens, 
t h e  elongation a t  break is read i n  %). 
No. of Tes ts :  5 fo r  each d i rec t ion  
4.3.8 A i r  Permeability 
4.3.8.1 Sample Required 
One (1) per manufacturers l o t  
4.3.8.2 Apparatus - a i r  permeabil i ty t e s t e r  ( e s s e n t i a l l y  
same a s  ASTM D737-46 See Figure No. 1 ) ,  or Gurley 
Sensometer, o r  t h e  method of Schiefer  and Baylord, 
J. Res. Nat. Bur. Standards 28, 637 (1942) , 
4.3.8.3 Procedure 
Place t e s t  specimen across  sample holder ,  Open 
regu la to r  valve u n t i l  pressure  drops across  sample 
0 .5 'q20 .  Read pressure  drop across  standardized 
o r i f i c e .  Convert manometer t o  f t 3 /  ft2/min using 
c a l i b r a t i o n  char t .  
4.3.9 Wetting Agent Tes t  
4,3,9.1 Sample Required 
One (1) 4" x 4" sample from each r o l l ,  
4,3.9.2 Equipment 
One p i n t  g lass  container with cover 1.300 specific 
grav i ty  e l e c t r o l y t e  deionized water. 
- PI - 
4,3.9.3 Procedure A 
Place approximately one-half p in t  1.3 sp, g r .  ROH 
e l ec t ro ly t e  i n  a g lass  container with a separator 
sample and close. After15 minutes, shake the con- 
t a ine r  vigorously for  a minimum of 20 seconds, 
Allow the sample t o  s i t  i n  the  container for a mini- 
mum of one minute, A t  the  end of t h i s  period, make 
the  determination for  the  presence of foam on the 
surface. Presence of foam w i l l  cause re jec t ion  
of the  r o l l  represented by the sample. Note any 
discolorat ion of the  e lec t ro ly te .  
4.3.9.4 Procedure B 
, Repeat the above t e s t  with water. 
4,3.9.5 Procedure C 
Repeat the  above t e s t  with 1.3 sp.gr. KON and 
allow t o  remain i n  t he  caus t ic  for one (1) week, 
then repeat  shake t e s t .  
4.3.10 Extractable Organic Content 
4.3.10.1 Samples 
One required per manufacturers l o t  (10 x 10 cm) 
4.3.10.2 Equipment 
a)  Analyti ca l Balance 
b) Beaker or  other container with cover 
c) Solvent: Methanol, Reagent Grade 
d) Magnetic S t i r r e r  
4.3.10.3 Procedure A 
(1) Weigh separator sample t o  nearest  tenth  milligram, 
(2) Determine volume of separator sample. 
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(3) Place sample i n  conta iner  o f  methanol. 
Use a volume r a t i o  of approximately 28 
solvent  t o  one separa tor .  
(4) Cover conta iner  and st ir  16-24 hours. 
Note any d i sco lo ra t ion  of sample. 
(5) Remove sample; dry a t  50°C (125O~) maximm; 
weigh sample. 
( 6 )  Evaporate Solvent - Obtain weight of  residue, 
( 7 )  Submit r e s idue  f o r  IR a n a l y s i s  of major organic 
cons t i tuen t s .  
NOTE: Propor t ional ly  l a r g e r  separa tor  sample 
-
may be used i f  r e s idue  is  inadequate 
fo r  analys is .  
4.3.10.4 Procedure B 
Repeat 4.3.10.3 using t r ichloroethylene .  
4.3.11 Inorganic Content 
4.3.11.1 Samples Required 
A minimum of one (1) per  manufacturer 's  l o t ,  
4.3.11.2 Apparatus 
a)  Beaker and magnetic s t i r r e r  
b) D i s t i l l e d  water 
c )  Hot p l a t e  
4.3.11.3 Procedure A 
(1) Weigh sample of separa tor  t o  nea res t  milligram, 
(2) Place sample i n  50 c c ' s  d i s t i l l e d  water ,  
(3)  Ext rac t  so lubles  using magnetic s t i r r e r  for 
16-24 hours. 
(4) Conduct wet chemical ana lys i s  on a l i q u o t  o f  
e x t r a c t  and record r e s u l t s  on Data Sheet 
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Analysis s h a l l  include:  
a)  N i t r a t e  - Taylor Method with phenoldi- 
s u l f o n i c  acid.  
b) S i l i c a  - Taylor Method with color  reagent 
one and two. 
c) Carbonate - Barium chlor ide  methad, 
) Atomic absorption method 
e )  Zinc ) 
f )  Titanium S u l f u r i c  Acid Peroxide Ca lss in~e t r i c  
Method 
g) Chloride - Mohr Method 
NOTE: The a b w e  methods a r e  c i t e d  f o r  
-
r e fe rence  only. 
4.3,11.4 Procedure B 
Perform semi-quanti tat ive spectrographic analysis 
on one (1) sample per l o t .  
4.3.11.5 Procedure C 
Completely i g n i t e  sample and burn. Weigh ignrtLon 
res idues .  Requirement of 3-3.2 s h a l l  be m e t ,  
4.3.11.6 Procedure D 
1) Cut four 4 x 4" samples across  the  width o f  
t h e  mater ia l .  
2) Weigh on a n a l y t i c a l  balance. 
3) Dry a t  1 0 4 ' ~  t o  a constant  weight. 
4) Remwe and cool i n  des iccator .  
5) Weigh - (Dry weight).  
6 )  Place samples i n  e x t r a c t i o n  thimbles i n  Soxhlet 
Ex t rac t ion  apparatus. 
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7) E x t r a c t  w i th  d i s t i l l e d  water  a t  t h e  b o i l  
f o r  4  t o  5 hours .  
8) Remove sample and dry  a t  1 0 4 ' ~  t o  a  constant  
weight.  
9) Cool i n  d e s i c c a t o r .  
10) Weigh sample f o r  e x t r a c t e d  weight.  
4.3.12 Burst  S t r eng th  
The b u r s t i n g  s t r e n g t h  s h a l l  be measured on a n  approved type 
of diaphragm b u r s t  t e s t e r  such as t h e  Model C Mullen Tester, 
The sample s h a l l  be a t  l e a s t  3 x 3" i n  a r ea .  The specimen 
i s  clamped i n  p o s i t i o n  and is  sub jec t ed  t o  t h e  p re s su re  of a 
f l u i d  a c t i v a t e d  diaphragm. The p re s su re  a t  b u r s t  w i l l  be 
r ead  on a  gauge i n  pounds. 
5.0 SHIPPING INFORMATION 
5.1 Labe l ing  
Each r o l l  s h a l l  be c l e a r l y  l abe l ed  i n  accordance wi th  Para, 3,1,2, 
5.2 Packaging f o r  Shipment 
M a t e r i a l s  s h a l l  be packaged i n  a  manner s o  t h a t  damage does not  
occur dur ing  shipment by normal modes of t r a n s p o r t a t i o n  and handl ing ,  
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